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AN EXPERIMENTAL INQUIRY 
INTO THE CAUSE OF THE 


PERMANENT COLOURS 


OPAKE BODIES. 


HE chief deſign of this inquiry is, to in- 
veſtigate the nature, origin, and cauſe, 
of the permanent colours of opake bodies. 

I was led to the purſuit of it, from a perſuaſion 
of its utility, to thoſe intereſting and elegant 
Arts, whoſe object is the preparation, and uſe, 
of colouring ſubſtances. 

The diſcovery of this principle is the foun- 
dation, on which alone all the parts and mate- 

_ of the knowledge, relative to thoſe Arts, 
be raiſed and ſupported. 

It ſhould be the office of experimental philo- 
ophy, to examine the powers and properties of 
all the materials, requiſite to technical uſes, 
Nor ſhould its views be confined to the theories, 
which reſult from thoſe reſearches, but directed 
to the practical application of them. 
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In proportion as the Principles of any Science 
are unknown or miſconceived, the advancement 
of the Arts and Manufactures, which depend on 
them, muſt of courſe be impeded : for, without 
thoſe guides, no addition or improvement can 
be attained, except ſuch as ariſe from mere acci- 
dental obſervation. 

But when ſcientific Principles are diſcloſed to 
the Artiſt, he becomes enabled to draw, from 
thoſe original ſources, an ample ſtore of uſeful 
inventions, by which his Art is conſtantly en- 
riched; and from thence conſiderable advantages 
may be derived. And thus the ſpeculative Sci- 
ences, by their extenſion to practical purpoſes, 
become objects of great public utility. 

The truth of this obſervation is, in no in— 
ſtance, more conſpicuous, than when applied 
to the Science of Optics, and to the Arts and 
Manufactures, which are connected with, and 
dependent upon it. For, the invention and 
improvement of the ſeveral operations, which 
owe their riſe to that Science, appear to have 
kept an equal pace with the philoſophical diſ- 
coveries, by which they were ſuggeſted: and 
their progreſs ſeems to have been conſtantly 
retarded, in proportion as the correſpondent 
branches of the parent Science have remained 
in a ſtate of deficiency or imperfection. 

The experiments and obſervations, which have 
been made by means of Tranſparent Colourleſs 

Subſtances, 
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Subſtances, are very numerous, and the action 
and powers of ſuch bodies, in reflecting and re- 
fracting light, have been, in a great meaſure, 
diſcovered and explained. 

In conſequence of thoſe diſcoveries, optical 
inſtruments have been brougne to a conſiderable 
degree of perfection. 

It is further obſervable, that from the miſcon- 


ception of a ſingle circumſtance, in this depart- 


ment of the ſcience, there aroſe an obſtacle to 
the conſtruction of teleſcopes, which the united 
efforts of artificers were unable to ſurmount, till 


the error was rectified. 
This error, which had eſcaped even the pene- 


tration of Sir Iſaac Newton, originated from a 
ſuppoſition, that the divergency of all the rays, 
which paſs through any media, 1s, conſtantly 
equal to their refraction. 

The inaccuracy of this opinion was firſt ob- 
ſerved by M. Euler, and the ſubject was after- 
wards attentively purſued by the Academicians 
Clairaut, Klingenſtierna, Beguelin, Zeiher, and 
D' Alembert: but, we are indebted to M. Dol- 
lond, for the final diſcovery of the Principles, 
and their application to the conſtruction of tele- 
ſcopes, ſuperior to any which had ever been 
before produced. 

In this happy inſtance, the genius of the Phi- 
loſopher, and the hand of the Artiſt, were united 
in the ſame perſon. 

A3 I have 
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I have thus briefly conſidered the preſent ſtate 
of our knowledge, of the optical properties of 
Colourleſs Tranſparent Subſtances ; and the con- 


dition and progreſs of the Arts which are ſubor- 


dinate to, and connected with them, 


The induſtry and attention of philoſophers 


has not hitherto, in any great degree, been ex- 
exciſed on the conſideration of Permanently Co- 
loured Bodies. | 

It will appear, in the courle of this inquiry, 
that the diſpoſition of ſuch ſubſtances to exhibit 
their colours, has not been examined by expe- 
riments, whica are the true and only means of 
diſcovering, and explaining, its cauſe, And it 
will be ſhewn, that the hypothetical opinions, 
which have been offered on this ſubject, are not 
ſupported by actual obſervations, and do not 
account for, or agree with, the phenomena. 

From the imperfection of this branch of 
Optics, and from the influence which its defects 
exert on thoſe Arts, whoſe improvement depends 
upon a clear and juſt conception of the nature, 
preparation, and uſe of colouring materials, it 
is not difficult to deduce the reaſon of the 
immaturity, and deficiency, under which they 
labour, 

So far, indeed, are we from having advanced 
towards a ſtate of perfection, that if we caſt 
our views back to the remoteſt regions of Science, 
we ſhall find, from ſuch a retroſpect, that the 

| moſt 
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moſt ancient nations poſſeſſed an excellence in 
all thoſe Arts, which the ableſt moderns cannot 
diſpute with them. 

In a former work, I have ſhewn that the Art 
of Dying was cultivated in the remoteſt ages, 
in Phcenicaia, Egypt, India, the land of Canaan, 
and other countries; and that they excelled 
even in the moſt difficult and elaborate branches 
of this art. They were alſo ſkilled in making 
artificial gems, and tinging glaſs, and enamel, 
with the brighteſt colours. | 

From the teſtimony of the earlieſt hiſtorians, 
we are informed of the high antiquity of the Art 
of Painting, in Egypt, and other countries which 
gave birth to the Arts and Sciences: and many 
beautiful remains of antiquity, which are till 
extant, are clear and laſting proofs of the great 
proficiency of thoſe ancient nations in that Art, 

Theophraſtus, Pliny, and others, have enume- 
rated the colours, employed in the various me- 
thods of antique painting. 

Theſe colours include almoſt all the pigments, 
which are employed by the moderns. Pruſſian 
Blue, which, with a few others, has been added, 
was diſcovered by an accidental mixture of the 
ingredients, which enter into the compoſition 
of it. Nor is it fo durable as the blue paints, 
which were in uſe before its introduction. 

Pliny informs us, that in his time Painting 
had greatly degenerated from its former ſtate. 
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It is not my purpoſe in this. brief review of 
the colouring arts, to advert to their condition 
at that period, as they had then fallen from their 
primitive excellence; nor to conſider them in 
any other reſpect, than that which regards the 
beauty, and durability, of the colours, abſtracted 
from any other circumſtances whatfoever. | 

The paints, which Apelles uſed, were fo 
bright, that he found it expedient to glaze his 


pictures, with a duſky varniſh, that the vividneſs 


of the colours might not offend the ſight, * 
But notwithſtanding the allowed merit of this 
celebrated painter, and of his cotemporaries, 
in the execution of their art, their colours were 
greatly ſurpaſſed, in variety, brightneſs, and 
permanency, in the works which had been per- 
ſected long before ſuch arts were cultivated in 
Greece; and which, after ſo long a ſeries of 
ages, ſtill continue unimpaired, and probably 
will ever remain ſo; unleſs deſtroyed by violence. 
I have ſelected the following paſſages, relative 
to this ſubject, from the authentic deſcription 


* Inventa ejus et cæteris profuere in arte, Unum 
imituri nemo potuit, quod abſoluta opera atramento 
illinebat ita tenui, ut idipſum repercuſſu claritates ocu- 
lorum excitaret, cuſtodiretque a pulvere et ſordibus, ad 
manum intuenti demum appareret. Sed et tum ratione 
magna ne colorum claritas oculorum aciem offenderet, veluti 


per lapidem ſpecularem intuentibus & longinquo. 


Plinii. L. XXXV. Cap. 10. 
which 
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which Norden has given of the extenſive and 
magnificent remains of Thebes, in the Upper 
Egypt, which was the capital of the Eaſtern 
World. That traveller, in a letter to the Baron 
de Stoſch, thus relates his obſervations. 

J hope to get the author you tell me of, but 
<« as he treats only of the paintings upon the caſes 
ce of the Mummies, he will be of no great uſe to 
© me in explaining thoſe wonderful ones, that 
c have ſeen upon an infinite number of ancient 
© buildings, or in giving the leaſt idea of them. 
© Imagine to yourſelf, in the extent af an Italian 
cc league, palaces with columns thirty-two French 
te feet in circumference, caſed with ſandy ſtones 
ce cut in ſquares, and all over covered, within 
ce and without, with paintings, repreſenting the 
c worſhip of the deities of the country, the 
« ceremonies and cuſtoms of the inhabitants, 
te their manner of making war and failing, 
ce together with love devices intermixed. Con- 
ce ſider likewiſe, that the manner of painting is 
« ſo totally different from any thing in practice 
cc at this time, as to make it neceſſary for me 
« to give you ſome light idea of it. A painting 
« eighty feet high, and proportionably broad, 
« is divided into two ranges of gigantic figures 
ce in baſs relief, and covered with moſt exquiſite 
colours, ſuited to the drapery and naked parts 
ce of the figure. But what is ſtill more wonder- 
ee ful is this, that the azure, the yellow, the green, 
« and 
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and the other colours made uſe of, are as well 
te preſerved, as if they had been laid on but yeſterday, 
ct and ſo ſtrongly fixed to the ſtone, that I was never 
ce able to ſeparate them in the leaſt degree. You 
« will aſk me, whether the deſign is good and 
ce has taſte? yes, Sir, the whole is executed 
te with much greater exactneſs, than the idols 
«of granite which we borh have ſeen in the 

« Capitol.” * 
Theſe further remarks are cited from the 
journal of the ſame author, T We paſſed 
ce afterwards 


. Norden's Travels in Egypt, by Templeman, p. 33. 


+ Ib. vol. II. p. 75. 

In confirmation, and as a farther explanation of theſe 
accounts, I ſhall here inſert ſome extracts from Perry's 
voyage to Upper Egypt, which abounds in deſcriptions 
and praiſes of the paintings, that adorn the temples and 
palaces of that ſplendid ſcene of antiquity, 

„At Carnac (commonly called Luxor il Kadim, and 
formerly a part of Thebes) we went aſhore, and march- 
ing along, with great avidity directly to it, we found 
the moſt flately, magnificent and ſurprizing temple 
that ever eye beheld : doubtl 5, it is impoſſible to 
„think, ſpeak, or write of t difice, without tranſ- 
« port or rapture; for its ſplendour, glory and magni- 
« ficence are ſuch, as are truly unſpeakable, and perhaps 
« jnconceivable, 'The front of this portal from top to 
« bottom, on each ſide for a width of nine or ten feet, 
and the whole inner ſide of the portal the ſame, are 
« ajl filled with the moſt beautiful figures in baſſo relievo, 


« and 


A View of the Levant, by C. Perry, M. D. London. 1743. p. 341. 
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ce afterwards to the ruins, that are found on the 


« north ſide. There is no doubt but they are 
« the remains of the palace of Memnon. 

« The reader may there remark, letter C the 
« portico of a temple, capable of giving a great 
cc idea of the Egyptian architecture. 

« The hieroglyphics are agreeable to the 
« ſight, and when you are quite near, their 
ce colours have a charming effet?. 

« It is ſomething ſurprizing to ſee how gold, 
« ultra marine, and divers other colours, have pre- 
« ſerved their luſtre to the preſent age. 


* 


„ and hieroglyphics, and all theſe are painted over in a 
© moſt curious and exquifite manner. 

«© This grand ſumptuous portal, is no other than a 
#* paſſage which leads from the firſt court or ſalon, into 
« a ſecond. This ſalon, which is equimenſurate with 
„ the former, viz. one hundred paces wide, and ſixty 
«« deep, is perfectly crowded with pillars, like the former 
* as to ſhape and ornaments, only that theſe are larger, 


a being near twelve feet in diameter, and ſeventy-two feet 


„high: all theſe columns as well as the ceiling, roof and 
« walls of the apartment are quite covered or crowded 
„with figures in baſſo relievo, and hieroglyphics, all 


 *© exquiſitely beautiful, and finely painted all over—and which 


may ſeem very extraordinary, all theſe things lot as 
«« freſh, ſplendid and glorious, after ſo many ages, as if they 
avere but juſt finiſhed.” « 

Diodorus Siculus, in his deſcription of Thebes, men- 
tions ſuch gigantic figures, covered with the moſt beauti- 
ful colours, as well as the other kinds of paintings, which 
are ſtill extant in the remains of that city. 


Such 
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Such was the ſtate of Painting in Egypt, above 
three thouſand years ago. The other colouring 
arts were carried to a high degree of improve- 
ment, at an equally remote period. 

We learn, from the concurrent teſtimony of 
both ſacred and profane hiſtorians, that the 


countries, where theſe Arts originally flouriſhed 


were antecedent, and ſuperior to all others, in 
their diligent and ſucceſsful obſervations of nature, 
and in the invention and culture of the Sciences. 

Theſe, undoubtedly, gave riſe to the executive 
Arts, and opened a way to their advancement 
and perfection. 

But, after a ſucceſſion of ſeveral ages, both 
the theoretical knowledge, and the practical ſkill, 
of thoſe nations, underwent a conſiderable de- 
cline, and ſhared the general deſolation which 
had befallen, from civil diſaſters, and foreign 
invaſions, 

Thoſe repoſitories of the Arts and Sciences had 
already far receded from their primeval con- 
dition, at the time that the ancient ſages of 
Greece reſorted to them, for inſtruction. 

So that, although the reſearches of thoſe tra- 
vellers were repaid by the acquirement of ſome 
general phyſical truths, which had been tradi- 
tionally preſerved, they could not, by the moſt 
diligent inquiry, attain an inſight into any of 
the progreſſive means of information, from which 
ſuch truths had been deduced. | 


Nor 
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' Nor were they enabled, on their return to 
their own country, to transfer to it the methods 
of executing thoſe beautiful and magnificent 
works, which had been the objects of their ad- 
miration. | 

The moderns were not furniſhed with any 
adequate means of retrieving the Principles of 
ancient Science, till they began to avail them- 
ſelves of experimental obſervations; and till 
academies were inſtituted, for the purpoſe of 
enabling them mutually ro communicate their 
diſcoveries to each other, 

The preſent age has produced many excellent 
philoſophers, whoſe labours have been directed 
to inquiries, from whence great improvements 
muſt neceſſarily reſult to the Arts, and Opera- 
tions, which are of the higheſt importance to the 
convenience and happineſs of mankind. 

J ſhall think myſelf fortunate, if the flight 
addition of my endeavours prove, in the leaſt 
degree, conducive to that end. 

In a former work, I have conſidered the Dif- 
ferences or Changes of Colour, in permanently 
coloured bodies, and have ſhewn that they are 
effected in the ſame manner, and according to 
the ſame law, which prevails in Tranſparent Co- 
lourleſs Subſtances. 

By this means, the philoſophical principle is 
eſtabliſned, and applied to the practical uſes of 
ſeveral Arts: particularly to thoſe of Dying, Paint- 


ing, 
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ing, and ſuch others as depend upon the know- 
ledge, and management, of Colouring Materials, 
The experiments, by which the cauſe of thoſe 


changes of colours was inveſtigated, conſiſted 


chiefly of various methods of uniting the Colour- 
ing Particles into larger, or dividing them into 
ſmaller, maſſes. | 

I ſhall now proceed to examine thoſe proper- 
ties of Permanently Coloured Subſtances, by 
which they operate on the rays of light, in pro- 
ducing colours. 

No eſſential information, relative to this ſub- 
ject, can be obtained from any optical writers, 
who preceded Sir Iſaac Newton. For, the origin 
and nature of light and colours were entirely 
unknown, till they were unfolded by his re- 
ſearches. | 

To him we owe the diſcovery of the different 
refrangibility of the rays of light; the invariable 
colours of the differently refrangible rays; the 
power of thin tranſparent plates, particles, and 
fibres, to exhibir ſeveral colours, according to 
their ſeveral thickneſſes and denſities; as well 
as the inveſtigation and explanation of ſeveral 
other properties of light. 

All theſe were reſults of experiments made by 
means of Tranſparent Colourleſs Media. But, he 
docs not appear to have examined, with equal 
attention and ſucceſs, the properties of Perma- 


nently Coloured Bodies, and their operations on 


the 
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the rays of light. And indeed, from the ſtate 
and extent of his reſearches, it was not poſſible 
that he could have attained to a clear inſight 
into that part of Optics, as he was not furniſhed 
with any regular ſeries of experiments, which 
could be applied to the ſolution of its phæno- 
mena. WS 

As the progreſs of Sir Iſaac Newton's diſco- 
veries did not extend beyond the limits of his 
experiments, it may be fairly concluded, that, 
without ſuch ſources of information, the moſt 
acute and penetrative underſtandings muſt fail 
of ſucceſs in phyſical inquiries. 

This great philoſopher, however, in the few 
paſſages wherein he treats of Coloured Subſtances, 
conſtantly avows his defect of experiments. It 
is probable that, by this candid acknowledg- 
ment, he intended that the opinions which he 
had expreſſed, on this ſubject, which are merely 
conjectural or founded on abſtract ſpeculation, 
might be diſtinguiſhed from thoſe clear truths, 


which he had deduced from his numerous and 


accurate experiments, performed with Tranſpa- 
rent Colourleſs Bodies. 


Thus, having mentioned ſome of thoſe ſub- 


ſtances, which tranſmit one ſort of light and re- 


flect another ſort, he makes this remark : If 
*« theſe liquors or glaſſes were ſo thick and maſly, 
* that no light could get through them, I queſ- 
te tion not but they would, like all other opake 

| c bodies, 
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cee bodies, appear of one and the ſame colour, 


ce in all poſitions of the eye, though this I cannot 
« yet affirm by experience,” * 
And he thus expreſſes himſelf, relative to the 


opacity of glaſs wedges filled with red, and blue 


liquors, when viewed conjointly. © This Mr. 
« Hook tried caſually with glaſs wedges filled 
e with red and blue liquors, and was ſurprized 
te at the unexpected event, the reaſon of it being 
te then unknown; which makes me truſt the 
© more to his experiment, though I have not 
ce tried it myſelf.” f 

We find, at the cloſe of the Optics, a paſſage 
relative to the inflections of the rays of light 
and the colours made thereby, which ſeems 


capable of being extended to all thoſe obſerva- 


tions, which the illuſtrious author had left im- 
perfect, or had not proſecuted with that eminent 
degree of induſtry and eircumſpection, which are 


generally conſpicuous in his inquiries. It is as 


follows: “ When I made the foregoing obſer- 
« yations, I deſigned to repeat moſt of them 
« with more care and exactneſs; but I was then 
«© interrupted, and cannot now think of taking 
« theſe into farther conſideration.” þ: 

Sir Iſaac Newton was of opinion, that all 
Coloured Matter reflefts the rays of light, ſome 


Newton. Opt. L. I. Part II. Prop. X. Probl. V. 
+ Ib. t Ib. L. III. ad. calc, 


bodies 
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bodies refleFing the more refrangible, others the 
_ leſs refrangible rays, more copiouſly. And that 
« this is not only a true reaſon of theſe colours, 
but even the only reaſon,” * 

He conceived that opake bodies reflect the 
coloured light from their anterior ſurface, by 
ſome power of the body evenly diffuſed all over 
its ſurface, and external to it. 

He thus delivers his doctrine relative to tranſ- 
parent coloured liquors.F © A tranſparent body 
ce which looks of any colour by tranſmitted light, 
ce may alſo look of the ſame colour by reflected 
ce light, the light of that colour being reflected 
e by the farther ſurface of the body, or by the 
ce air beyond it. And then the reflected colour 
ce will be diminiſhed, and perhaps ceaſe, by 


* making the body very thick, and pitching it 


ce on the back ſide to diminiſh the reflection of 
« its farther ſurface, ſo that the light reflected 
from the tinging particles may predominate. 
ce In ſuch caſes, the colour of the reflected light 
ce will be apt to vary from that of the light 
© tranſmitted,” 

As theſe opinions are merely hypothetical, and 
are not ſupported by the evidence of any experi- 
ments, I judged it expedient carefully to inquire 
into the phznomena of Coloured Subſtances, 


„Ib. L. I. Part II. Prop. X. Probl, V. 
+ Ib. 


Vol. II. „ from 


18 On the Cauſe of ihe 


from which alone any clear illuſtration of ſuch 
_ queſtions can be attained. 

For this purpoſe, I entered upon a ſeries of 
experiments, which have been performed with 
Tranſparent Coloured Liquors, and Glaſſes, as 
well as with opake, and femitranſparent bodies. 

I ſhall, in the firſt place, conſider Tranſparent 
Coloured Subſtances; becauſe they are of the 
ſimpleſt kind, as they conſiſt only of the Colour- 
ing Particles united with, and diffuſed through- 
out, Tranſparent Media, ſuch as ſpirit of wine, 
oil, water, or glaſs. 

From the examination of ſuch tinged media, 
I have been enabled to diſcover ſeveral proper- 
ties of Coloured Matter, which are very different 
from thoſe, which have hitherto been thought 
to prevail, 

For inſtance, it will appear from the experi- 
ments which I ſhall relate in the ſequel, that in 
Tranſparent Coloured Subſtances, the Colouring 
Matter does not reflect any light; and when by in- 
tercepting the light which was tranſmitted, it is 
hindered from paſſing through ſuch ſubſtances, 
they do not vary from their former colour, * to 
any other colour, but become entirely lack. 

| As 


* Optical writers generally uſe the word colour in an 
equivocal ſenſe : ſometimes expreſſing thereby the primary 
colours, as oppoſed to whiteneſs : at other times including 
whiteneſs alſo, I have, throughout this inquiry, uſed this 

word 
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As the incapacity of the Colouring Particles of 
Tranſparent Bodies to reflect light, is deduced 
from experiments which are very numerous, and 
whoſe reſults are conſtant and invariable, it may 
be held as a general law, at leaſt till ſome ex- 
ception to it can be diſcovered. 

This law will appear ſtill more extenſive, if 
it he conſidered that, for the moſt part, the ting- 
ing Particles of liquors, or other Tranſparent 
. Subſtances, are extracted from Opake Bodies; 
that the Opake Bodies owe their colours to thoſe 
particles in like manner as the Tranſparent Sub- 
| ſtances do, and that by the loſs of them, they are 
deprived of their colours, 

By experiments made with ſeveral Opake Bo- 
dies, it will be ſhewn that they actually do not 
exhibit their colours, by reflecting the rays of 
light. And, by the ſame experiments, the means, 
by which they do produce their colours, will be 
hereafter explained, 

For the purpoſe of obſerving the manner in 
which Tranſparent Coloured Liquors act upon the 


word to expreſs only the primary colours, or ſuch a mixture 
of them, as does not compoſe whiteneſs, or any of the gra- 
dations between white and black ; ſuch as are called by 
Sir Iſaac Newton, grey, dun, or ruſſet-brown. 
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rays of light, I procured ſmall 
vials of flint glaſs, whoſe form 
is a parallelepipid ; the height 
of theſe, excluſive of the neck, 
is about two inches, and the 
baſe about one inch ſquare; 
their necks are cylindrical, 
and are about two inches 
in length, 

I covered the bottom, and 
three of the ſides of each of 
theſe vials, with a black var- 
niſh ; the cylindrical neck, A, 


and the anterior ſide, B, ex- ff 


cept at its edges, were left 
uncovered, 

I carefully avoided leaving 
any crevices in the varniſh, 
that no light might be admit- 
ted, except through the neck, 
or the anterior ſide, of the 
vials, 

In theſe experiments, both 
the inner and exterior ſur- 
faces of the glaſs muſt be perfectly clean; and 
thoſe liquors, which are apt to depoſit a ſediment 
on the bottom or ſides of the veſſels which con- 
tain them, muſt be put into the vials, only when 
the examination of them is intended: thoſe, 

which. 
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which are not ſubject to this inconvenience, may 
be conſtantly kept in the vials. 

The uncovered ſide of the vial ſhould not be 
placed oppoſite to the window, through which 
the light js admitted ; becauſe in that ſituation 
the light would be reflected from the farther ſide 
of the vial, and would be tranſmitted through 
the coloured liquor; and it 1s obſervable that 
ſmooth black ſurfaces reflect light very power- 
fully. Now as it is a principal obje& in the 
experiment that no light be tranſmitted through 
the liquors, this will be accompliſhed by placing. 
the uncovered ſide of the vial in ſuch a direction, 
that it may form a right angle with the window. 

I have examined a great variety of Tranſparent 
Coloured Liquors, in vials, prepared and diſpoſed 
as I have here deſcribed, and have conſtantly 
found that in every inſtance, that part of the 
liquor, which was contained in the neck of the 
vials, exhibited its colour diſtinctly and vividly; 
but, that portion, which was in the body of the 
vials, and which was viewed through the un- 
covered fide, exbibited no colour, but was black. 

From amongſt numerous ſimilar obſervations, 
I have ſelected thoſe which are ſer down in the 
following table : I have not attempted therein 
to produce any regular or ſyſtematical collection 
of coloured liquors, but only to exhibit ſuch 
ſpecimens as may ſerve to ſhew the action of 

B 3 vegetable, 


22 On the Cauſe of the 


vegetable, mineral, and animal colouring parti- 
cles, on the rays of light. | 
The expreſſions, refleFed light, and tranſmitted 

light, have been generally uſed, when Tranſparent 

Coloured Bodies have been conſidered. But, as 

the following experiments and obſervations, ſhew 
that Tranſparent Coloured Bodies are not endued 

with any reflective power, the word reflected, can- 
not properly be applied to the light which falls 
| on them. I have, therefore, at the head of the 
| laſt column of this table, ſubſtituted the words . 
| * incident light,” inſtead of the uſual expreſſion, 
reflected light. 


— ———— —— ——— §‚§˖¹ÜXf none nt 
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TABLE of TRANSPARENT CoLoureD IL1QUORS viewed by 
TRANSMITTED, and by INCIDENT LIGHT. 


By By 
L I Q UOR 8. Tranſmitted Incident 
Light. e Light. 


1. Iron diſſolved in the Nitrous Acid Yellow Black 
2. Martial Alcaline Tincture of Stahl Orange Black 
3. Vitriol of Iron diſſolved in Water Green Black 


4. Dilute Solution of Green Vitriol, with | 
Infuſion of Gals Blue Black 


5, Dilute Solution of Green Vitriol in | 
Spirit of Wine, with Tincture of | Blue Black 
Galls in Spirit of Wine 


6. Saturated Solution of Fixed Alcali, in 


which a ſmall quantity of Green Vi- 
triol is diſſolved, with Infuſion of 
—_—_ 8 
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LIQUORS. 


7. Dilute Solution of Green Vitriol, with 
Phlogiſticated Alcaline Lixivium 


8. Spa, and Pyrmont, Waters, with Infu- 
ſion of Galls | 


9. Solution of Vitriol of Copper 


10. Copper diſſolved in Nitrous Acid 


11. Cryſtals of Verdegris, diſſolved in 
Diſtilled Vinegar 


12. Copper diſſolved in Volatile Alcali 


13. Manganeſe fuſed with Nitre, or with 
Fixed Alcali, diſſolved in cold Water 


14. Manganeſe, thus prepared, diſſolved 
in hot Water 


15. Cobalt diſſolved in Nitrous Acid 


16, Marine Acid, to which a ſmall quan- 


tity of Nitrous Solution of Cobalt 
is added 


17. Sympathetic Ink of Cobalt 
18, Solution of Gold 


19. Dilute Solution of Gold, with Solu- 
tion of Tin 


20. Solution of Platina - 


23 


By y 
Tranſmitted Incident 


Light. 
Blue 
Purple 


Blue 
Blue 


Blue 
Green® 


Blue 


Green 
Purple 


Red 


Red 
Yellow 


Red 


Orange 


Light, 
Black 


Black 


Black 
Black 


Black 
Black 


Black 


Black 
Black 


Black 


Black 
Black 


Black 


Black 


% The names of the colours, which are printed in Italic charaQers, 
expreſs thoſe to which the principal colours, contained in the table, 


incline, 
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21. Red Flowers, infuſed in Spirit of 


Wine, lightly acidulated with Ni- 
trous Acid 


22. Red Flowers infuſed in Water, ſlight- 
ly acidulated with Nitrous Acid 


23. Purple, and Blue Flowers, infuſed in 
Water, lightly acidulated with Ni- 
trous Acid 


24. Purple, and Blue Flowers, infuſed in 
Spirit of Wine, ſlightly acidulated 
with Nitrous Acid | 


25. The ſame Red Infuſions, with the ad- 
dition of ſmall quantities of Solution 
of Fixed Alcali 


26. Yellow Flowers infuſed in Diſtilled 
Water 


27. Yellow Flowers infuſed in Spirit of 
Wine | 


- - 


28, Green Colouring Matter of Graſs, 
and other Green Leaves, diſſolved 
in Spirit of Wine - 


29. Prepared Turnſol infuſed in Water 


30. Juice of Black Currants 


31. Black Cherries, Black Currants, and 
other Black Fruits and Berries, in- 
fuſed in Spirit of Wine 


32. Raſpberries, and other Red Berries, 
infuſed in Spirit of Wine 


By 
Tranſmitted Incident 


þ 


Light, 


Red 


Red 


Red 


Red 


Purple 
Blue 
Green 


Yellow 


Yellow 


Green 


Yellow 


Ked 


| Purple 


Red 


Red 


Red 


| | 
Black 


Black 
Black 


Black 


Black 


Black 


Black 


Black 


| 


Black 
Black 


Black 


Black 


33. Spaniſh 


L10U 0b 


33. Spaniſh Annotto diſſolved in Spirit of 
Wine 


34. Spaniſh Annotto diſſolved in Cauſtic 
Vegetable Fixed Alcali 


35. French Berries infuſed in Spirit of 
Wine 


36. French Berries infuſed in Diſtilled 
Water 


37. Sap Green infuſed in Spirit of Wine 


1 


38. Sap Green infuſed in Diſtilled Water 


39. Indigo diſſolved in Oil of Vitriol, and 
afterward diluted with water 


40. Indigo diſſolved in Cauſtic Vegetable 


Fixed Alcali 


41. Litmas infuſed in Diſtilled Water 


42. Prepared Archil, Water 
43. Prepared Archil, Spirit of Wine 
44. Gamboge diſſolved in Spirit of Wine 


45. Dragon's Blood diſſolved in Spirit of 
Wine 


46. Weld infuſed in Diſtilled Water 

47. Madder infuſed in Spirit of Wine 
43. Alkanet infuſed in Spirit of Wine 
49. Alkanet infuſed in Oil of Turpentine 
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B By 
Tranſnitted Incident 


| 


Light. 
Yellow 


Yellow 


| Yellow 


Yellow 


Green 


Green 
Yellow 
Red 


Blue 


Green 


Red 
Purple 
Blue 


| Purple 


| 
Purple 
Yellow 


Orange 


Yellow 
Orange 
Red 


Red 


Light. 
Black 


Black 


Black 
| 


Black 


Black 


Black 


Black 


Black 


Black 


Black 
Black 
Black 


Black 


Black 
Black 
Black 
Black 


50. Alkanet 


26 


66. 
67. 


68. 
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LIQUORS, 


. Alkanet infuſed in Expreſſed Oils 


Fuſtic infuſed in Diſtilled Water 
Fuſtic infuſed in Spirit of Wine 


. Turmeric infuſed in Spirit of Wine 


. Turmeric infuſed in Diſtilled Wir 


Logwood infuſed in Diſtilled Water 


 Logwood infuſed in Thames Water 


Logwood infuſed in Spirit of Wine 


Red Saunders infuſed in Spirit of Wine 


. Cochineal infuſed in Diſtilled Water 
. Cochineal infuſed in Spirit of Wine 

. Kermes infuſed in Diſtilled Water 

. Kermes infuſed in Spirit of Wine 

. Ox Gall, diluted with Diſtilled Water 


Blood with Spirit of Sal Ammoniac 


Spirit of Nitre impregnated with 
Phlogiſton „ 8 


The ſame with Diſtilled Water 


Nitrous Spirit diſtilled from equal 
parts of Arſenic and Nitre - 


The ſame with Diſtilled Water 


By 


Light. 
Red 


{| Yellow 


Yellow 
Yellow ' 
Yellow 
Yellow 
Red 


| Yellow 


Red 
Orange 


Red 
Red 
Yellow 
Yellow 
Yellow 
Red 


4 


Yellow 


Green 


Green 


Blue 


By 


Tranſmitted Incident 


Light, 
Black 


Black 
Black 
Black 
Black 
Black 
Black 
Black 


Black 


Black 
Black 
Black 
Black 
Black 
Black 


Black 


Black 


Black 


Black 


Theſe 
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Theſe experiments ſhew, that Tranſparent 
Coloured Liquors do not yield any colour by 
reflection, but by tranſmiſſion only. | 

If theſe liquors are ſpread thin on any white 
ground, they appear of the ſame colours, which 
they had exhibited, when viewed in the necks 
of the vials; as the light reflected from the 
white ground is, in this caſe, tranſmitred through 
the coloured medium. 

But when they are ſpread upon a black ground, 
they afford no colour. The black ground, 
however, ſhould not be a poliſhed body; as 
the light, reflected thereby, would be tranſ- 
mitted through the thin medium on its ſurface, 
and be tinged by paſſing through it. 

I ſhall now proceed to relate ſome experi- 
ments, which were performed with tinged glaſ- 
ſes: theſe being, in many reſpects, analogous 
to coloured liquors. 

I made ſeveral parcels of colourleſs glaſs. That, 
which I principally employed in theſe experi- 
ments, conſiſted of equal parts of borax and 
white ſand, The glaſs was reduced to powder, 
and afterwards ground, together with the ingre- 
dients by which the colours were imparted. 

This method, of incorporating the tinging 
particles, is greatly preferable to mixing them 
with the raw materials. The glaſſes, thus com- 
poſed, excel moſt others in hardneſs, and are 
ſcarcely inferior, in luſtre, to real gems. 

All 


a 
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All the experiments, which have been made 
with tranſparent coloured glaſſes, ſhew that they 
appear vividly coloured, when they are of ſuch 
a thinneſs, and are tinged ſo dilutely, that light 
is tranſmitted through them. But when they 
are in larger maſſes, and the tinging matter 
is more denſely diffuſed through them, they 
are black, For, theſe as well as the tranſparent 
coloured liquors do not exhibit colours by reflection, 
but by tranſmiſſion only. | 

I ſhall here inſtance ſome trials, which I made 
for the purpoſe of obſerving the proportions 
of tinging matter, which produce colour, or 
blackneſs, 

I tinged glaſs green, by adding to it one 
ſixtieth part of its weight of copper. It is in- 
different whether the copper, uſed in this pro- 
ceſs, be calcined, or applied in its metallic ſtate, 

I made a blue glaſs, by the addition of zaffre, 
a purple glaſs by manganeſe, a red glaſs by gold, 
and yellow glaſſes by ſilver, and by calcined iron. 
I alſo made a yellow glaſs, ſimilar to a topaz, 
by the admixture of a ſmall quantity of pul- 
verized charcoal : and the ſame colour was im- 
parted by wheat flower, by roſin, and by ſeveral 
other inflammable matters. 

From the maſles of tranſparent coloured glaſs, 
which were thus compoſed, ſmall pieces were 
ſeparated, and ground by a lapidary, which 
reſembled gems of their reſpective colours. 
Having 


28 
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Having formed pieces of ſuch glaſſes, about 
two inches thick, I incloſed all their ſides with 
black cloth, except at their farther, and anterior 
ſurfaces. Each of theſe pieces of glaſs vividly 
exhibited its colour, when viewed by tranſmitted 
light: but when the tranſmitted light was inter- 
cepted, by covering the farther ſurface, the 
anterior ſurface afforded no colour, but appeared 

black, | 
When plates of Tranſparent Coloured Glaſs, 
ſomewhat thicker than window glaſs, are viewed 
by tranſmitted light, it is well known, that they 
exhibit their ſeveral colours. | 

I intercepted the light, which was tranſmitted 

through ſuch coloured plates, by fixing a piece 
of black cloth, contiguous to their farther ſur- 
face. The plates, thus prepared, when placed 
in ſuch a direction, that they form a right angle 
with the window, appear perfectly black. 

From the phænomena, preſented by ſuch 
plates, two obſervations may be deduced. *(1.) 
That the Colouring Particles do not refle& any 
light. (2.) That a medium, ſuch as Sir Iſaac 
Newton has deſcribed, is diffuſed over both the 
anterior, and farther ſurfaces of the plates, 
whereby objects are reflected equally, and regu- 
larly, as by a mirror. * 


* Whenever it is ſaid that light is reflected by the ſur- 
face of any ſubſtance, it ſhould be underſtood, from this 
expreſſion, that the reflection is effected by the medium, 
di ffuſed over its ſurface, 


When 
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When a lighted candle is placed near one 
of theſe coloured plates, the flame is reflected 
by the medium, which is diffuſed over the 
anterior ſurface of the plate. The image, thus 
reflected, reſembles the flame, in ſize, and 
colour. For, it is ſcarce ſenſibly diminiſhed, 
and it is not in the leaſt tinged by the coloured glaſs. 

If the plate be not ſo intenſely coloured, or 
ſo maſly, as to hinder the tranſmiſſion of the 
light of the candle, there appears a ſecondary 
image of the flame, which is refleted by the 
medium, contiguous to the farther ſurface of 
the glaſs. And as the light, thus reflected, 
paſſes back through the coloured glaſs, it is 
vividly tinged by it. 

When the glaſs, uſed in this experiment 1s 
green, the ſecondary image of the flame aſſumes 
a bright green colour, When glaſles of other 
colours are uſed, the colour of the ſecondary 
image is always the ſame, as that of the glaſs. 

The ſecondary image is leſs, than that which. 
is reflected from the anterior ſurface, This 
diminution is occaſioned by the loſs of that part 
of the light, which is abſorbed, in paſling through 
the coloured glaſs, For, whenever any medium 
tranſmits one ſort of rays, more copiouſly than 
the reſt, it ſtops a great part of the oppoſitely 
coloured rays. And much more light 1s loſt, 
in its paſſage through coloured, than through 
pellucid colourleſs, ſubſtances, | 

In 


Permanent Colours of Opake Bodies. 31 


In making theſe obſervations, it is proper to 
chooſe coloured plates of glaſs, which are not in 
every part of an equal thickneſs, that the ſecon- 
dary image may not be reflected in ſuch a direc- 
tion, as to coincide with, and be intercepted by, 
that which is reflected from the anterior ſurface. 

When the plates are ſo thick, and ſo copiouſly 
coloured, that the light cannot penetrate to their 
farther ſurface, they appear intenſely Blact, in 
whatever direction they are viewed, and they do 
not afford any ſecondary image; but only reflect 
from their anterior ſurface, the flame, or any 
other objects which are oppoſed to them. Theſe 
objects are repreſented in their own proper co- 
lours, and are as free from any tinge, or adven- 
titious colour, as thoſe which are reflected from 
looking glaſſes, or ſpecula made of white metals. 

It is manifeſt from hence, that the colouring 
particles have no ſhare in effecting this reflection. 
For, if they poſſeſſed any reflective power, 
whence is it that glaſſes, copiouſly ſtored with 
colouring matter, impart no colours to the 
images, which they reflect? 

It appears, from theſe obſervations, that tranſ- 
parent coloured bodies, as well in a ſolid, as in 
a fluid, ſtate, exhibit colours by tranſmiſſion only, 
but do not reflect any colour. 

The order of this inquiry leads me, in the 
next place, to the conſideration of the Colouring 
Particles, pure, and unmixed with other media. 

For 
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For the purpoſe of procuring maſſes made up 
of ſuch particles, I reduced ſeveral Tranſparent 
Coloured Liquors to a ſolid conſiſtence, by eva- 
poration, When a gentle heat is employed in 
this operation, the Colouring Matter, which 1s 
thus concentrated, remains unimpaired, and ca- 
pable of again imparting its colour unaltered, 
to other liquors. 

In this ſtate, the Colouring Particles refle no 
colour, and, as no nige is tranſmitted through 
them, they are black. 

Amongſt the ns which I evaporated, were 
the tinctures, and infuſions, of the colouring 

particles of red, purple, blue, and yellow flowers, 

of logwood, brazil, fuſtic, turmeric, red ſaun- 
ders, alkanet, ſap green, kermes, and all the 
other Tranſparent Coloured Liquors, enumerated 
in the preceding table, which are capable of be- 
ing reduced to a ſolid conſiſtence, without un- 
dergoing ſuch changes, during their evaporation, 
as render them opake. 

The opacity, which ſome liquors are apt to 
acquire from the loſs of part of their ſolvents, 
ariſes from various cauſes, ſuch as the cryſtal- 
lization of ſaline matters, or the coaleſcence of 
the colouring particles, into maſſes which differ 
conſiderably, in denſity, from the menſtrua in 
which they were diſſolved. 

The conſideration of this ſubje& is of much 
importance to the art of dying. I have con- 

ſtantly 
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ſtantly obſerved, that whenever colouring par- 
ticles become opake, their ſize renders them 
incapable of entering the pores of wool, ſilk, 
cotton, or linen, or of cohering to their ſurface. 
For, the attractive force, by which particles tend 
mutually to each other, and cohere, is weakened, 
in proportion as their bulk increaſes, ſo that the 
degree of magnitude of the colouring particles, 
which is eſſential to the opacity of liquors, is 
inconſiſtent with the minuteneſs, requiſite to 
thoſe means of union, by which dying is effected. 

I ſhall ſele& one inſtance, from amongſt many 
which are applicable to theſe obſervations, I 
infuſed, in a pint of diſtilled water, ſuch a quan- 
tity of fuſtic, that the water was ſaturated with 
its colouring particles. The aqueous part of 
this infuſion was evaporated by a gentle, but 
continued, heat, till it was reduced to a folid 
maſs, 

The liquor, during every part of this proceſs, 
continued tranſparent, and the ſolid extract, 
which it yielded, tranſmitted a yellow colour, 
when ſpread thin, but appeared black, when 
thicker maſſes were viewed. 

Having prepared another pint of the ſame in- 
fuſion, I evaporated half of the water, and left 
the remainder, till it was cold. In this ſtate it 
became turbid, and opake. When this liquor 
was filtered, a tranſparent infuſion paſſed through 
the filter, and an opake fecula was retained by 

C the 
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the filter, which was afterward dried, and ap- 
peared to be a white powder, ſlightly tinged 
with yellow. This powder did not cohere to 
the filtering paper, but was eaſily ſeparable from 
it. It was again ſoluble in water, and formed 
with it a liquor, in all reſpects, ſimilar to the 
original infuſion. 

From theſe circumſtances, it appears that a 
given proportion of water, or a ſufficient degree 
of heat, is requiſite to the ſolution of the colour- 
ing particles of fuſtic. And experience evinces 
the thoſe particles, which are too groſs to paſs 
through filtering paper, are incapable of entering 


the pores, or firmly cohering to the ſurface, of 
bodies. 


Many dying ingredients, ſuch as the colouring 
particles of logwood, kermes, and various other 
matters, are ſoluble in water, in all proportions, 
and therefore their infuſions are not ſubject to 
become turbid, or opake, during their evapo- 
ration. And the ſolid extracts, obtained from 
theſe liquors, reflect no colour, but are Black. 

I alſo formed ſolid maſſes, by mixing with a 
ſmall quantity of drying oil, pigments, which 
conſiſt chiefly of colouring matter, unmixed with 
opake ingredients, ſuch as indigo, Pruſſian blue, 
and ſap green, Theſe paints exhibit their re- 
ſpective colours, when thin plates of them are 
viewed by tranſmitted light ; but appear entirely 


black, 
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black, when the tranſmitted light is intercepted, 
or when the maſſes are of a ſufficient thickneſs. 

Several fruits and berries, as black cherries, 
black currants, blackberries, and many others, 
afford inſtances of blackneſs ariſing from the 
denſe ſtate of the colouring matter. Their 
Juices are red, when ſpread thin on a white ground, 
or otherwiſe viewed by tranſmitted light. 

Thus it appears, from all the preceding ex- 
periments and obſervations, that Tranſparent 
Coloured Matter, whether diffuſed through co- 
lourleſs pellucid media, or condenſed into ſolid 
maſſes, ſeparate and unmixed, 1s not endued with 
any reflective power. 

I ſhall proceed to conſider the action, and pro- 
perties, of the colouring particles of opake co- 
loured bodies, and the means by which their 
colours are produced. 

The tranſparent liquors and glaſſes, which 
have been already examined, owe their colours 
to ſuch particles extracted from opake ſubſtances: 
and it has been ſhewn that thoſe particles do not 
act upon light by reflection. 

It has alſo been obſerved, that when coloured 
particles are ſpread thin upon any white ground, 
they exhibit their ſeveral colours, by tranſmit- 

ting the light reflected from the white ground. 
I ſhall endeavour to prove, by ſeveral experi- 
ments and obſervations, that the colours of opake 
bodies are produced by a ſimilar operation. 
C 2 Amongſt 
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Amongſt the natural bodies, which are the 
objects of this inquiry, vegetables claim our 
principal attention, from the great variety and 
brightneſs of their colours. 

In order to examine the leaves, fruits, flowers, 
wood, and roots of plants, I found it neceſſary 
to ſeparate their component parts, on which 
their colours depend. 

The following experiments, made with this 
view, have enabled me to diſcover the cauſe of 
thoſe colours, and the manner in which they are 
produced, 

I digeſted, in rectified ſpirits of wine, graſs 
and other green leaves of plants: by this means 
a tranſparent green tincture was obtained, which 
conſiſted of the colouring matter, diſſolved by 
the ſpirit, I filled one of the vials, (No. 28.) 
with this liquor, and viewing that part of it which 
was in the neck of the vial, I obſerved that it 
tranſmitted a vivid green colour ; but the other 
part of the tincture, which was contiguous to the 
- uncovered fide of the vial, reflected no light, 
and conſequently appeared black. 

I poured, into a white china cup, a ſmall quan- . 
tity of this tincture, which, by its preſence, im- 
parted to the bottom of the cup a green colour, 
exactly reſembling that of the leaves from which 

the matter had been extracted, 
After the Colouring Matter had been taken 
from the leaves, the leaves remained apparently 
unaltered 
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unaltered in texture, and in every other reſpect, 
except in their loſs of colour. 

In this ſtate, they conſiſt principally of the 
fibrous and vaſcular parts, and are either perfectly 
white, or have their whiteneſs ſlightly tinged with 
brown. 

I digeſted alſo in rectified ſpirit of wine, red, 
purple and blue flowers. All theſe yielded, to 
the ſpirit, their colouring matter, and by the 
deprivation of it appeared white, From moſt of 
theſe flowers, the ſpirituous menſtruum acquired 
either no colour, or only a faint tinge, But, 
when it was acidulated, it became red, and, 
by the addition of an alcali, aſſumed purple, 
blue, and green, colours. In each of theſe 
| ſtates, the coloured tinctures were examined in 
the vials, as in (No. 21, 24, 25.) and, alſo were 
poured upon a white ground. All of them, 
by theſe means, were found to yield bright 
colours by tranſmiſſion, but none of them refle&- 
ed any light. 

I alſo digeſted red, purple and blue flowers, 
in water ſlightly acidulated with nitrous, acid, 
and thus obtained from them red infuſions, 
which I have been able to preſerve many years, 
without the leaſt alteration in their colour, by 
ſaturating them with ſea-ſalt. (No. 22, 23.) 

By the addition of very ſmall portions of al- 
cali, theſe red liquors alſo were changed to purple, 
blue, and green. All theſe coloured infuſions 
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were viewed, in the ſame manner as the pre- 
ceding liquors, and were found to yield vivid 
colours by tranſmiſſion, but to refle# no colours. 
No. 25.) 

The addition of the alcali muſt be very gra- 
dual: for if too much is added, at once, to the 
red liquor, the intermediate colours, between 
the red and the green, will be wanting. To 
half an ounce of the red infuſion, it is proper to 
add, at once, only the leaſt quantity of a ſolu- 
tion of pearl aſh, that can be taken up, upon 
the point of a pen, repeating this addition, 
ſlowly till each of the colours are produced. 

The flowers, after having been repeatedly 
macerated in acidulated water, loſt their colour- _ 
ing matter, and became white. 

Yellow flowers alſo communicated their colours 
to water, and to ſpirit of wine, The infuſions 
and tinctures of theſe flowers were ſubjected to 
the ſame experiments, as had been employed in 
the examination of the liquors already mention- 
ed, and appeared yellow by tranſmitted light, 
but did not refleft any colour. (No. 26, 27.) 

White paper, and linen, may be tinged, by 
dipping them in the infuſions of the flowers of 
each colour: and by ſpreading, upon thoſe white 
grounds, the expreſſed juices of ſuch flowers, 
their colours may be communicated to the paper, 
and the linen, 


Theſe 
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Theſe means of tinging are ſomewhat ſimilar 
to the application of vegetable dyes to linen, and 
of tranſparent water colours to paper, many of 
which conſiſt of the Colouring Matter of plants, 
ſuch as indigo, litmus, ſap green, gamboge, 
the vegetable lakes, and various others. 

Theſe operations are ſo well known, and the 
methods of executing them are ſo obvious, that 

I ſhould not here have noticed them, if they had 
not led me to ſome obſervations reſpecting the 
white grounds, on which the colours are ap- 
plied. 

The conſideration of thoſe white ſubſtances 
affords much inſight, into the manner in which. 
the natural colours of vegetables are produced. 

I have already ſhewn that, when the Colouring 
Matter df plants is extracted from them, the 
ſolid fibrous parts, thus diveſted of their covering, 
diſplay that whiteneſs, which is their diſtinguiſh- 
ing character, 

White paper, and linen, are formed of ſuch 
fibrous vegetable matter; which is bleached, by 
diſſolving and detaching the heterogeneous 
coloured particles. 

When theſe are dyed, or painted, with vege- 
table colours, it 1s evident that they do not 
differ, in their manner of acting on the rays of 
light, from natural vegetable bodies: both 
yielding their colours by tranſmitting, through the 

C 4 Tranſparent 
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Tranſparent Coloured Matter, the light which is 
reflected from the white ground. 

For it appears, from the preceding experiments, 
that no reflectius power reſides in any of their 
component parts, except in their white matter 
only. 

This white matter frequently exiſts, without 
any conſiderable mixture, in plants, while they 
are in a ſtate of vegetation: as in cotton, white 
flowers, the pith, wood, ſeeds, roots, and other 
parts, of ſeveral kinds of vegetables. 

When decayed trees, and other plants, have 
been long expoſed to the weather, after they 
have ceaſed to derive nouriſhment from the 
earth; their coloured juices are apt to be ex- 
hauſted by the action of the rain, air, and ſun; 
by which means the remaining ſubſtance becomes 
perfectly bleached. 

The white matter of all vegetables is com- 
poſed principally of an earth. Their aſhes 
conſiſt of this earth, ſeparated from the inflam- 
mable, and evaporable parts, to which they 
owed their colours. 

I have rendered aſhes intenſely white, by 
carefully calcining them; and afterwards grind- 
ing them with a ſmall proportion of nitre, and 
expoſing this mixture to ſuch a degree of heat, 
as cauſed the nitre to deflagrate with the ſmall 
particles of coal which remained unburnt; and 
laſtly, by diſſolving, in marine acid, the 

ferruginous 
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ferruginous matter diffuſed through them, and 
repeatedly waſhing the remaining aſhes in a 
ſufficient quantity of water, 

By mixing aſhes, thus purified, with glaſs, 
together with an additional portion of borax, I 
obtained an opake enamel remarkable for its 
whiteneſs, 

From all theſe premiſes it appears, that the 
earth, which forms the ſolid ſubſtance of plants 
is white; that it is ſeparable from the colouring 
matter by ſeveral means; that, whenever it is 
either pure and unmixed, or diffuſed through 
tranſparent colourleſs media, it exhibits its 
whiteneſs ; and is the only vegetable matter which is 
endued with a reflective power. 

I have hitherto deſcribed ſeveral caſes, in which 
the white matter of plants may be brought to view, 
by the removal of the coloured particles which 
covered it. Its expoſure may alſo be effeted by 
other means. | 

It is well known that the vapour of burning 
ſulphur whitens red roſes. This effect is gene- 
rally attributed to the vitriolic acid ariſing from 
the ſulphur. But ſuch an explanation is certainly 
erroneous, becauſe the vitriolic acid, applied to 
the roſes thus whitened, reſtores their red colour. 

As ſulphur is compoſed only of phlogiſton and 
vitriolic acid, and as the whiteneſs is not cauſed 
by the acid, it is evident that it is effected by the 
phlogiſton. 

I expoſed 
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I expoſed ſeveral ſorts of red, and purple flowers 
to the phlogiſton, diſengaged from hepar ſulphuris 
decompoled by an acid, and to other phlogiſtic 
vapours, all of which whitened the flowers, I re- 
ſtored the red colour of each of theſe, by applying 
to them indiſcriminately either vegetable, or mine- 
ral, acids. | 

It appears, from theſe experiments, that the 
colouring matter of the flowers is not diſcharged 
or removed, but only diſſolved, by the phlogiſton ; - 
and thereby divided into particles too minute to 
exhibit any colour. In this ſtate, together with 
the vegetable juice in which they are diffuſed, 
they form a colourleſs tranſparent covering, 
through which the white matter of the flowers is 
' ſeen untinged. 

'The Colouring Particles of plants conſiſt prin- 
cipally of inflammable matter ; and their ſolubility 
in phlogiſton, and union with it, are analogous to 
the mutual action, which other inflammable bodies 
exert on each other. Thus, æther diſſolves all 
eſſential, and expreſſed oils, animal empyreumatic 
oils, and reſins. Sulphur, camphire, and almoſt 
all ſubſtances abounding in phlogiſton, are ſoluble 
in oils, ardent ſpirits, or other inflammable men- 
ſtrua. ‚ 

The manner, in which the red colour of the 
flowers is reſtored, appears to me to be explicable 
from known chemical laws. When acids are ap- 
plied to the whitened flowers, by their ſtrong 

| affinity 
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affinity with the phlogiſton'which the ſulphur had 
communicated, they unite with that principle, and 
"diſengage it from the colouring particles; which, 
being thus extricated, reſume their original mag- 
nitude, and colour. 

Fixed alcali, whoſe affinity alſo with phlogiſton 
is very great, changes the whitened flowers to 


purple, blue, and green, which colours alcali 
always produces in ſuch flowers, 


The matter of light acts upon coloured nds, 
in the ſame manner as the phlogiſtic vapours, 
whoſe operations have been here explained. Thus, 
dyed ſilk, or other ſtuffs, expoſed to the ſun's light, 
are deprived of their colour, in every part, which 
lies in the direction of the rays, whilſt thoſe parts 
preſerve their colour, which are defended from the 
acceſs of the rays by their folds, or by the inter- 
vention of any opake body which intercepts the. 
light. 

The colours, thus impaired by the action of 
phlogiſton or of light, may be reſtored by the 
means already deſcribed, if they are applied whilſt 
the ſolution of the colouring particles is recent : 
but, afterward they are apt to fly off, and be en- 
tirely diſſipated, on account of the volatility, which 
the inflammable principle conſtantly imparts to 
matter, with which it 1s united, 

The action and properties of phlogiſton, and of 
the ſun's light, are ſa exactly ſimilar, that the 


identity 
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identity of thoſe ſubtile principles can ſcarcely be 
doubted. 

White metallic calces, ſuch as the magiſtery of 
biſmuth, and the cryſtals and ſolutions of ſilver, 
mercury, and lead, are turned black by the in- 
flammable principle, which they acquire from the 
ſun's light, as well as from phlogiſtic vapours, 
And calcined ferruginous earths, which do not 
obey the magnet, become ſubject to its attraction, 
after they have been impregnated with phlogiſton, 
by light collected in the focus of a burning glaſs. 

It is certain that vegetables receive, from the 
rays of light, all that ſtore of inflammable matter 
with which they are ſo richly ſupplied. 

This principle cannot be furniſhed by the earth, 
as the ſmall quantity of it, which the ſoil contains, 
is inadequate to the effect: and even this ſmall por- 
tion is produced from the decompoſition of vege- 
tables, or animals which have derived their nouriſn- 
ment from vegetables. Plants, which, during their 
growth, are excluded from the ſolar light, abound in 
aqueous Juices, but are deficient in oils, and other 
phlogiſtic products: and the privation of their 
other qualities, ſuch as odour, taſte, and colour, 
ſhews that the matter of light is eſſential to the 
vigour and perfection of vegetable ſubſtances, 

Sir Iſaac Newton was of opinion that © Groſs 
« bodies and light are convertible into one ano- 
te ther, and that bodics receive much of their 

te activity 
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ec activity from the particles 2 light which enter 
te their compoſition.” . 

He obſerves that Bodies al light a& mutually 
« upon one another, that is to ſay, bodies upon 
ce light in emitting, refleCting, refracting and in- 
te flecting it, and light upon bodies by heating 
te them, and putting their parts into a vibrating 
te motion wherein heat conſiſts. And that the 
mutual action between light and inflammable 
bodies is much ſtronger, than between light and 
other bodies. 

In claſſing ſeveral kinds of bodies, according 
to their refraftive powers, he inftances © Selenite, 
« rock cryſtal, iſland cryſtal, vulgar glaſs, and 
ce glaſs of antimony, which are terreſtrial ſtony 
« concretes. F To theſe ſubſtances which conſiſt 
principally of earth, and have the weakeſt refrac- 
tive powers, he thus oppoſes the following inflam- 
mable ſubſtances; © The refraction of camphire, 
te oil olive, linſeed oil, ſpirit of turpentine and 
« amber, which are fat, ſulphureous, unctuous 
« bodies, and à diamond, which probably is an 
cc untFuous ſubſtance coagulated, have their refrac- 
te tive powers in proportion to one another as 


* Newton. Opt. Qu. ad Calc. 


5 + Ib. L. II. Part. III. Prop. X. 


4 Sir Iſaac Newton, according to the cuſtom of his time, 
uſes the words ſulphureous, unQuous, &c. to ſignify what 


later chymical writers expreſs * the terms phlogiſtic or 
inflammable. 


ce their 
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te their denſities without any conſiderable variation. 
te But the refractive powers of theſe unctuous ſub- 
ce ſtances, are two or three times greater, in reſpect 
ce of their denſities, than the refractive powers of 
te the former ſubſtances in reſpect of theirs.” 

The clear conceptions which Sir Iſaac Newton 
had formed, reſpecting the refractive power of the 
inflammable principle, afford an inſtance of un- 
paralleled penetration and diſcernment. 

Diamonds, from their apparent reſemblance to 
cryſtalline vitrifiable ſtones, and gems, were univer- 
ſally held, by naturaliſts and lapidaries, not to 
have differed, in their conſtituent matter, from 
ſuch ſtones and gems, except in a greater degree 
of purity. | 

Sir Iſaac Newton, judging of diamonds by their 
reſractive power, claſſes them with inflammable 
bodies, and as they are endued with the ſtrongeſt. 
refractive power, he does not ſcruple to rank them 
at the head of the inflammable bodies, as conſiſting 
of the pureſt phlogiſton. 

This remarkable obſervation has not, I believe, 
ever been noticed, by philoſophers, or naturaliſts, 
as an object of their conſideration : doubtleſs, 
becauſe they were prejudiced by the apparent 
qualities of diamonds, and their reſemblance to 
thoſe of other gems, which ſeem to have with-held 
their attention from the powers and properties, 
the diſcovery of which was drawn from the more 
certain teſt of optical inveſtigation. | 


After 
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After Sir Iſaac Newton had publiſhed his 
Optical Works, almoſt a century had paſſed, 
during which no experiments were made, whereby 
the conſtituent matter of diamonds could be 
aſcertained, Several eminent chymiſts, and phi- 
loſophers, in France, have recently applied great 
ſkill and induſtry in the examination of that 
ſubject. | 

From their inquiries, it appears that diamonds, 
when enveloped in powdered charcoal, and incloſed 
in crucibles carefully luted, reſiſt the force of fire, 
and remain unaltered, in the ſame manner as char- 
coal, and other ſolid inflammable bodies. 

When expoſed, under a receiver, to the focus 
of a large burning glaſs, they impart phlogiſton 
to the air which is contained in the receiver. 

When placed, under a muffle, upon a cupel or 
ſtand of white calcined refractory earth, in a 
degree of heat ſufficient to melt pure ſilver, the 
diamonds ſend forth a continued flame, and thus 
entirely burn away. 

When expoſed to the fire, in thick veſſels of 
white porcelain, perfectly cloſed with ſtopples of 
the ſame ſubſtance, ſo that their cavities contain 
only air and the incloſed diamonds, they are en- 
tirely diſſipated, and diſappear, without leaving 
the leaſt trace of the matter, of which they were 
formed. 

Theſe experiments prove, that diamonds conſiſt 
of phlogiſton ; and they are the only natural ſub- 


ſtance, 
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ſtance, in which that principle appears to exiſt 
pure and unmixed. For all inflammable liquors 
contain water: and all ſolid inflammable bodies 
leave a reſiduum of aſhes, or coal, accordingly as 
they are burnt in open, or in cloſe veſſels. 

Nor can any conſtituent parts of bodies paſs 
through ſolid ſubſtances, except only phlogiſton, 
and light. And from their agreement in this re- 
ſpect, the identity of theſe ſubtile principles is 
farther confirmed. 

From the native form, and conſtituent matter 
of diamonds, may they not be properly defined 
cryſtallized phlogiſton ? 

The chemical experiments, reſpecting the in- 
flammable nature of diamonds, carry with them 
the greater clearneſs and conviction, as the philo- 
ſophers, who made them, were entirely unpreju- 
diced in their inquiries on that ſubje&: for they 
do not ſeem to have been aware that Sir Iſaac 
Newton had diſcovered, from optical obſervation, 
the ſame truth to which they were led by the chy- 
mical phenomena. 

The ſolvent power of phlogiſton, whether ob- 
tained from terreſtrial bodies, or proceeding im- 
mediately from the light of the ſun, is manifeſt in 
various inſtances ſimilar to thoſe which have been 
hitherto explained. 

Silk is whitened by the phlogiſtic vapours of 
ſulphur: and this operation does not appear to 

differ 
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differ from the change effected in flowers by the 
ſame vapour. | 

The light of the ſun is found to be a neceſſary, 
and eſſential, agent in bleaching linen, bees' wax, 
and various other ſubſtances. Some part of the 
colouring matter, which impairs the whiteneſs of 
\ ſuch bodies, not yielding to the power of any other 
ſolvent. 

Red flowers are whitened by the electric ſpark, 
of whoſe inflammable nature we cannot entertain 
the leaſt doubt. For the ſpark itſelf is a bright 
flame, and it yields the ſame ſmell, which all 
other phlogiſtic matters impart. 

The electric ſpark, in like manner changes the 
blue infuſion of turnſol, to red. The effects which 
it produces on the turnſol, and on red flowers, do 
not differ from each other, except in degree only, 
For, when vegetable matter is diſſolved, it is 
changed from blue, to red ; and when it is farther 
diſſolved, it is divided into particles too minute 
to exhibit any colour, N 
A due attention to the changes of colour, and 
other effects, ariſing from the ſolvent power of 
phlogiſton, will afford much inſight into ſeveral 
operations of the arts and manufactures, and will 
furniſh an explanation of many appearances, which 
occur in chymiſtry, and phyſics, which cannot 
otherwiſe be rightly underſtood. 

The perfection of the arts of dying, and bleach- 
ing, and of preparing and preſerving painters' 

D colours, 
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colours, eſſentially depend on the knowledge of 
this ſubject. 

Solutions effected by means of phlogiſton, fre- 
quently are wrongly attributed to the operation 
of ſuppoſed acid menſtrua: as ſeveral kinds of 
ſubſtances are capable of being diſſolved indiſcri- 
minately, either by acids, or phlogiſton. 

For the purpoſe of diſtinguiſhing, in any in- 
ſtance, between the action of the acid ſolvents, 
and that of the inflammable menſtrua, it is proper 
to examine the nature of the matter, by which 
either of thoſe principles is furniſhed. | 

Fixed air is generally ſuppoſed to poſſeſs an acid 
quality, and ſeveral of its properties are aſeribed 
to its acidity, | 

The change of colour, produced in vegetable 
Juices . by the electric ſpark, is adduced as a proof 
of the acidity of fixed air, But it has been already 
ſhewn that this effect does not ariſe from acid, 
but from phlogiſtic, matter. 

The acid quality of fixed air is alſo generally 
inferred, from its power of diſſolving iron. But, 
phlogiſton alſo is a ſolvent of iron. Thus, a con- 
ſiderable portion of that metal is always diſſolved 
and held in ſolution, by the phlogiſticated alcaline 
lixivium, which conſiſts of inflammable matter 
calcined with fixed alcali, M. Margraf has ſhewn 
that ſeveral other metals are ſoluble in this lixi- 
vium. Hence it is evident that the ſolubility of 
iron does not prove the acidity of the ſolvent, but 
may ariſe from the phlogiſton contained in it. 


Fixed 
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Fixed air, by its combination with alcalies, di- 
miniſhes their cauſticity, and promotes their cry- 
ſtallization. Theſe properties are alſo ſuppoſed to 
be communicated by an acid, imparted by fixed 
air, 

But, this hypotheſis does not agree with the 
effects, which are produced by the combination 
of acids with alcalies. For, neutral ſalts are 
formed by the addition of acids to alcalies. And 
as alcalies do not become neutral ſalts, by their 
union with fixed air, but are only changed thereby, 
from cauſtic and deliqueſcent, to mild alcalies, 
capable of cryſtallizing, it is evident that the al- 
teration, which fixed air cauſes in them, does not 
reſulr from the introduction of an acid. 

We muſt, therefore, turn our views to the con- 
ſideration of ſome other principle, by which theſe 
effects may be produced. 

It appears from various chymical — that 
alcalies are rendered mild, and capable of cryſtal- 
lizing, in proportion as they are united to phlo- 
giſton. The phlogiſticated alcaline lixivium, when 
ſaturated, is perfectly mild, and, by a ſlight eva- 
poration, is reduced to a concrete cryſtalline maſs 
which does not deliqueſce, or imbibe the leaſt 
moiſture from the air, and no longer retains any 
alcaline character or property. 

M. Beaume, by an elegant and ingenious ex- 
periment, has proved the preſence of phlogiſton 
in mild alcalies, and has ſhewn that their power 
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of cryſtallizing depends upon their union with 
that principle. ' 

He heated, in a ſilver veſſel, a lixivium of mild 
alcali, which imparted to the ſilver a covering, or 
coating, of inflammable matter, by which its ſurface 
was tarniſhed, and became black. The lixivium was 


- ſeveral times poured out of the ſilver veſſel, and 


after the ſurface of the ſilver had been freed from 
the tarniſh, the lixivium was replaced in it, and 
again heated, by which the tarniſh was renewed. 
This was repeated till the lixivium no longer com- 
municated any ſtain to the ſilver. 

The cauſticity of the lixivium increaſed, in pro- 
portion as it imparted its phlogiſton to the ſurface 
of the ſilver, and, at the end of the proceſs, the 
alcali became perfectly cauſtic, and incapable of 
cryſtallizing. 

Theſe inſtances, and many others which might 
be adduced, ſeem to prove that the change, which 
fixed air produces in cauſtic alcalies, is not effected 
by acid, but by phlogiſtic matter. 

It is certain that the matter, communicated to 
lime by fixed air, is the very ſame which it im- 
parts to alcalies, For it may be transferred, un- 
changed, from one of thoſe ſubſtances, to the 
other; and, when united to either of them, till 
retains the ſame qualities. Therefore, if phlogiſton 
renders alcalies mild, and effects their cryſtal- 
lization, the ſame principle alſo precipitates lime, 

| | and, 
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and, in like manner, reſtores it to its ſtate of mild 
calcareous earth. | 

The experiments and obſervations, on which 
Dr. Black has eſtabliſhed his comprehenſive and 
conſiſtent theory, clearly prove, that lime is pre- 
cipitated from lime water, by fixed air: but his 
views were not extended to an inveſtigation of 
the particular matter, or quality, whereby fixed air 
operates that effect. 

Lime which has been precipitated from lime 
water, and reſtored to the ſtate of a mild calca- 
' reous earth, is again ſoluble by the addition of 
a larger proportion of fixed air. This ſolution is 
attributed to the acid quality of fixed air; and 
it has been conſidered as a ſtrange and extra- 
ordinary circumſtance; that accordingly as different 
proportions of it are applied, it ſhould act as a 
precipitant, and a ſolvent, of the ſame ſubſtance. 

The ſimplicity, which nature obſerves in all 
her operations, will not permit us to ſuppoſe, 
that fixed air is poſſeſſed of two different or oppo- 
ſite qualities, by one of which it precipitates, and 
by the other of which, it diſſolves. : 

The precipitation of lime from lime water, and 
its reſolution, are effected by an equable uniform 
action, exerciſed by one and the ſame ſimple 
principle, which is a conſtituent and eſſential 
part of fixed air. And, ſuch a precipitation, \and 
reſolution, are not extraordinary or complex phæ- 
nomena, as they have been eſteemed, but are 
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analogous to the ordinary and conſtant effects, 
which ariſe from chymical affinities, 

This may be exemplified, by any compound 
which ' aſſumes a concrete ſolid conſiſtence, by 
Its union with a given quantity of a fluid, and 
which, by the addition of a larger quantity of 
the ſame fluid, is reduced to a liquid ſtate. 

Thus, when a due proportion of water is added 
to iron, and vitriolic acid, a mutual attraction takes 
place between theſe three ingredients, by means 
of which they are united, and, by their com- 
bination, a concrete vitriol, or metallic ſalt, is 
formed, But, if a greater quantity of water be 
added to this concrete ſalt, as the mutual attrac- 
tion, after this addition, ſubſiſts equably between 
the vitriolic ſalt and the whole maſs of water, the 
acid and ferruginous particles are more minutely 
divided, and "diffuſed uniformly throughout every 
part of the water. And thus, the ſolid concrete 
ſalt is reſolved, and a vitriolic liquor is formed, 
in which the water predominates. 

Lime ſtrongly attracts and unites with inflam- 
mable ſubſtances, ſuch as ſulphur, camphire, and 
refins. Fixed air has a ſtil] greater affinicy to lime. 
Becauſe in all the groſſer ſubſtances, the phlogiſton 
is allayed by ſalt, earth, and other matters: but, 
in fixed air, it exiſts in a purer, and conſequently, 
a more active ſtate, 

As alcalies are rendered mild, or cauſtic, by 

the preſence, or abſence, of the inflammable prin- 
ciple, 
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ciple, it can hardly be doubted that the difference 


between mild calcareous earth, and quicklime, 


is alſo occaſioned by a communication, or depri- 
vation, of the ſame principle. 

The origin of fixed air, ſeems to prove its phlo- 
giſtic nature. For all bodies, which yield it, afford 
alſo inflammable matter: but many of them do 
not yield any acid. Calcareous ſpar, magneſia, 
and alcaline ſalts, ſend forth fixed air, and all theſe 
ſubſtances, by the loſs of it, are deprived of their 
inflammable contents: diamonds, expoſed to the 
focus of a burning glaſs under a receiver, impart 
to the air, contained in it, a power of precipitating 
lime, from lime water, when it is agitated with it. 
But it does not appear that any acid can be derived 
from thoſe bodies. 

Some of the properties of fixed air are conſiſtent 
with either the character of acid, or of phlogiſton. 
Such are, its power of altering the colour of vege- 
table juices; its affinity to alcalies; and ready 
union with lime; its power of diſſolving iron, 
which is inſtanced in all acids, and in the phlo- 


giſticated alcaline lixivium ; the antiſeptic quality 


prevails equally in acids, 'and in inflammable 
ſpirits ; acids are diſengaged from ſubſtances, 
which are decompoſed by ſtronger acids, phlo- 
giſton is likewiſe expelled from bodies, which 

are diſſolved in acids, 
The qualities of acid, and phlogiſton, agree in 
. and in ſeveral other inſtances, but fixed air 
D 4 is 
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js endued with properties, which are peculiar to 
phlogiſton. Such as its power of! effecting the 
cryſtallization of alcalies, without changing them 
to neutral ſalts; its tendency to eſpe from water, 
and its affinity with the air, by means of which a 
conſiderable quantity of fixed air is united with, 
and diffuſed throughout, every part of the atmo- 
ſphere. | | 

Water, as well as phlogiſton, is a conſtituent 
part of all ſubſtances which yield fixed. air, Both 
theſe principles have a ſtrong affinity to air, This 
appears from the union which air forms with the 
inflammable principle, when it is diſengaged from 
bodies by combuſtion, fermentation, putrefaction, 
or any other mode of decompoſition ; and from 
the mutual attraction of water and air, which is 
manifeſted by evaporation, and by the conſtant 


- . preſence of aqueous particles in the atmoſphere. 


The laws of chymical analyſis will hardly permit 
us to doubt, that the air, which is obtained from 
mild alcalies, calcareous earth, and various other 
ſubſtances, receives from them when they are de- 
compoſed, the ſame contents which were united 
in them as conſtituent parts, while they were in 
their intire ſtate. And their analyſis invariably 
ſhews that air, water, and phlogiſton, enter their 
compoſition. 

From hence it ſeems to follow, as an immediate 
and obvious inference, that fixed air conſiſts of 
theſe three ingredients, either united in bodies, 

and 
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and diſcharged from them, already combined, or 
that it is formed in the atmoſphere, by the con- 
currence and union of theſe principles. And all 
the phæ nomen, not only of fixed air, but alſo of 
phlogiſticated air, may be ſolved by the — 
and properties, of theſe ingredients. 

The weight of fixed air, indicates that it con- 
tains a conſiderable portion of aqueous matter; 
and it is by means of this conſtituent principle, 
that it is miſcible with water, in like manner as 
ardent ſpirits are, notwithſtanding their inflam- 
mable nature. The phlogiſtic part of fixed air 
has been already conſidered. 

Phlogiſtic matters are miſcible with water, 
only in proportion as they contain a quantity of 
the aqueous principle in their compoſition. 
When the relative proportion of this conſtituent 
part, is leſs than that of the phlogiſton combined 
in ſuch matters, they are either immiſcible with 
water, or only miſcible in part. 

Thus, ſpirit of wine, which is oil combined 
with water, unites with water, in all proportions. 

Ather, which conſiſts of ſpirit of wine, from 
which a conſiderable portion of its water has 
been ſeparated by the vitriolic acid, is not miſ- 
cible with water in all proportions: but, ten 
parts of water are requiſite to the abſorption of 
one part of æther. 

Oil, which contains ſtill leſs water in its com- 

poſition, 
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poſition, does not, in any degree, mix with 
water, 

Reſinous ſubſtances do not combine with 
water, becauſe their aqueous part is not in ſuffi- 
cient quantity to ſerve, as a medium, for the. 
union of their phlogiſton. 

In gums, the relative proportion of phlogiſton 
is much leſs. than in reſins, and that of the water 
is much greater : and by the intervention of 
their aqueous part, gums are readily miſcible 
with water, | | 
\ Reſins, when united with a due proportion of 
gum, are by its mediation, alſo rendered ſolu- 
ble in water. But, if a leſs proportion of the gum 
be joined with the reſin, only a part of the com- 
pound, reſulting from this union, is diſpoſed to 
mix with water, and a reſiduum is left, which is 
incapable of being diſſolved in any aqueous 
liquor. 8 

Fixed air ſeems to reſemble theſe matters, 
which do not poſſeſs a ſufficient quantity of the 
aqueous medium, to render them totally ſoluble 
in water. For, after a given portion of fixed 
air has been imbibed by water, a reſiduum re- 
mains, which is incapable of being abſorbed 
by it, and is called phlogiſticated air. 

This air may be formed from fixed air, not only 
by the ſubtraction of water, but by the addition of 
the inflammable principle: as when phlogiſton is 
communicated to fixed air by electric ſparks, or 

| the 


Permanent Colours of Opake Bodies. 59 


the vapours diſengaged from a mixture of ſulphur 
and iron filings. 

The origin of phlogiſticated air ſhews, that its 
difference, from fixed air, conſiſts chiefly in its 
deficiency of water. 

As metals contain no water, ſo the phlogiſton, 
which ariſes from them during their calcination, 
does not produce fixed air, but phlogiſticated air. 

But vitriols, and all other ſaline matters, con- 
tain water as a conſtituent part, and therefore 
yield fixed air. Calces of metals alſo, which have 
received aqueous matter, in the proceſs of their 
calcination, as white lead, and other calces which 
have abſorbed water, together with air, from the 
atmoſphere, alſo yield fixed air. 

The fermentation, and putrefaction, of vegetable 
and animal ſubſtances, is effected by means of their 
moiſture, and therefore, by theſe modes of decom- 
poſition, fixed air is produced. 
| Fixed air is more effectually formed by reſpira- 

tion, than by many other phlogiſtic proceſſes, in 
conſequence of the copious ſupply of the aqueous, 
as well as the phlogiſtic, principle, which the air 
receives from the lungs. 

Fixed air may be formed from vegetable acids, 
but when it is thus conſtituted, it does not differ 
from that which is produced from alcalies, mag- 
neſia, calcareous ſpar, and various other ſubſtances, 
which yield no acid. It is therefore evident, that 
in each of theſe inſtances, it is formed by the 

combination 
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combination of ſome principles, which are com- 
mon to all thoſe ſubſtances, 

Theſe principles are water, and phlogiſton. In 
vegetable acids, the phlogiſton combined with 
the water, is equal, in quantity, to that which con- 
ſtitutes the inflammable part of ſpirit of wine: 
for radical, or concentrated, vinegar, is totally in- 
flammable. | 

The acid ſtate of vegetable matters is not eſſen- 
tial to them, nor is it requiſite to their production 
of fixed air, For, fixed air is producible from 
plants, when they are recent; when they are in 
a vinous ſtate, and afford ardent ſpirits; and alſo 
when they are in a ſtate of putrefactive fermenta- 
tion. From whence it appears that in their acid, 
as well as in their recent, vinous, or putrefactive 
ſtate, they yield fixed air, by means of their 
aqueous, and phlogiſtic, principles. 

All fixed air, from whatever ſubject it is pro- 
cured, or to whatever bodies it is transferred, con- 
ſiſts, conſtantly and invariably, of the ſame mate- 
rials, combined in the ſame proportions : other- 
wiſe it could not reſtore lime, cauſtic alcalies, or 
other matters, to their original mild ſtate : be- 
cauſe, theſe ſubſtances cannot be recompoled, but 
by the ſame proportion of their conſtituent princi- 
ples, which they contained, before their decom- 
poſition, 

Thus, lime cannot be reſtored to the ſtate of 
mild calcareous earth, by water, or by pure de- 

| phlogiſticated 
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phlogiſticated air, becauſe each of theſe principles 
conſiſts of only one of the three ingredients, which 
are requiſite for that purpoſe. | 

Nor can the recompoſition of calcareous earth 
be effected by phlogiſticated air, becauſe it con- 
tains an exceſs of phlogiſton, and a defect of water. 

Compounds, formed of ſuch relative quantities 
of any of theſe principles, as do not conſtitute 
fixed air, may acquire a due proportion of them, 
by an addition of the ingredients in which they 
are deficient. 

Pure dephlogiſticated air is reduced to fixed 
air, by the communication of aqueous, and phlo- 
giſtic vapours, diſengaged from bodies, by various 
modes of decompoſition : theſe principles readily 
combine with air, on account of their great affinity 
to it. 

Phlogiſticated air, when agitated with water, 
receives into its compoſition a quantity of aqueous 
particles, ſufficient to conſtitute it fixed air: and 
by that means, it becomes capable of precipitating 
lime, from lime water. 

If the analyſis, and recompoſition, of calcareous 
earth be ever ſo often repeated, its analyſis will 
always yield, and its recompoſition will always 


require, the ſame relative quantities of air, water, 
and phlogiſton. 


Fixed air therefore, ſeems to conſiſt of theſe - 


three principles invariably, and conſtantly, com- 
bined in the ſame proportions, 


I ſhall 
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I ſhall not here enter upon the conſideration of 
any other aëriform fluids, becauſe they are foreign 
to my preſent inquiry. 

I was led to an examination of the inflammable 
principle, by the changes, which it operates in 
coloured ſubſtances, both when it is in a detached 
and ſeparate ſtate, and when it forms a conſtituent 
part of fixed air, and is diffuſed throughout the 
atmoſphere. 

Fixed air has been frequently conſidered as a 
mere compound of air, and phlogiſton. But, ſuch 
a compound ſeems to approach nearer, in its 
nature, to phlogiſticated air; as it is deficient in 
one of the principles, which is eſſential to fixed 
air. 

I have endeavoured to point out ſome qualities 
of the inflammable principle, which have not 
hitherto been obſerved, or which have not been 
applied to the ſolution of the phænomena of 
elaſtic fluids, Such are, its ſolvent power; its 
power of effecting the mildneſs, and cryſtallization ' 
of alcalies; its ſtrong affinity to calcareous earth, 
alcalies, and other ſubſtances which yield fixed 
air, whoſe ſimilar, and correſpondent, properties 


_ reſult from the phlogiſton, which it contains as a 


conſtituent part. 

I willingly ſubmit theſe obſervations, to the can- 
did judgment of thoſe excellent philoſophers, who 
have extended the knowledge of elaſtic fluids, by 
their inſtructive labours : amongſt which, the 

numerous 
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numerous experiments and obſervations of Dr. 
Prieſtley are the,moſt conſpicuous. 

From the preceding experiments and obſer- 
vations it appears, that the colouring particles of 
flowers and leaves, are ſoluble in acid, and phlo- 
giſtic, menſtrua. | 

The other parts of vegetables conſiſt of mate- 
rials, ſimilar to thoſe which are contained in their 

flowers, and leaves, and undergo the ſame changes, 
from the ſame cauſes. I extracted from logwood, 
its colouring particles, by repeatedly boiling it in 
water. The wood, thus deprived of its tinging 
matter, no longer retained its yellow colour,* but 
was of a brown hue, ſimilar to oak wood. 

I macerated ſome pieces of logwood thus de- 
prived of its colour, in aqua fortis, and, after they 
had undergone the action of that acid, they were 
waſhed in a ſufficient quantity of water. The 
wood by theſe means was reduced to whiteneſs. 


* Moſt authors who treat of colouring ſubſtances, de- 
ſcribe logwood, as a red wood, I have never procured 
logwood which was of any other colour, than yellow. It 
imparts yellow and orange colours to diſtilled water. Other 
waters extract a red tinge from it, by means of the alcali 
which they contain, Theſe obſervations are alſo appli- 
cable to the other dying woods, to kermes, and various 
other articles of the materia tinctoria. I ſhall only add 
that the tinctures, infuſions, and ſolutions, which are enu- 
merated in the preceding table of coloured liquors have 
been deſcribed from careful and repeated obſeryations. 


By 
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By a ſimilar treatment, fuſtic, and other dying 
woods, were deprived of their Colouring Matter, 
and became white. 

I have hitherto ſhewn, that the Colouring Matter 
of plants does not exhibit any colour by reflection, 
but by tranſmiſſion only; that their ſolid earthy 
ſubſtance is a white matter ; and that it 1s the only 
part of vegetables, which is endued with a reflec- 
tive power; that the colours of vegetables are pro- 
- duced by the light reflected from this white mat- 

ter, and tranſmitted from thence through the co- 
loured coat, or covering, which is formed on its 
ſurface by the colouring particles; that, whenever 
the colouring matter 1s either diſcharged, or di- 
vided, by ſolution, into particles too minute to 
_ exhibit any colour, the ſolid earthy ſubſtance is 
expoſed to view, and diſplays that whiteneſs, which 
is its diſtinguiſhing character, 

Animal ſubſtances do not afford any great variety 
of coloured products. But, in all thoſe animal 
matters, which do exhibit colours, the colouring 
particles are endued with the ſame properties, 
and are regulated by the ſame laws, which pre- 
yall in vegetable ſubſtances. 

The tinctures and infuſions of cochineal (No. 
59, 60.) and of kermes (No. 61, 62.) yield their 
colours, when light is tranſmitted through them, 
but do not reflect any colour. 

The principal animal . coloured ſubſtances are 
the bile, and the blood, I diluted, with diſtilled 

water, 
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water, freſh ox gall and examined it, in the vial 
(No. 63.) that part of it which was in the neck 
of the vial, and which was viewed by tranſmitted 
light, was yellow, the anterior ſurface reflected no 


colour, but appeared Slack, 


Fleſh conſiſts of fibrous veſſels containing blood, 
and is perfectly white, when diveſted of the blood, 
by ablution. The membranes, ſinews, bones, and 
other ſolids, are white, and when they are freed 
from their aqueous and volatile parts, they are a 
mere white earth, unalterable by fire, and capable 
of imparting to glaſs an opake whiteneſs, 

Blood, diluted with warm water, was examined, 
in one of the vials. It tranſmitted a red colour; 
its anterior ſurface was almoſt, but not entirely, 
black. For it received a ſlight mixture of a brown 
hue, from ſome particles which were coagulated, 
and were ſuſpended in the red liquor, 

That I might procure blood, ſufficiently diluted, 
and at the ſame time, perfectly and equably diſ- 
ſolved, I mixed as much red cruor, with ſpirit of 
ſal ammoniac, as imparted to it a vivid red co- 
lour. The liquor, thus compoſed, was viewed 
in the vial, (No. 64). That part of it, which 
was contained in the neck of the vial, tranſmitted 
a bright red; that which was viewed through the 
anterior ſide of the vial, reflected no colour but 
was intenſely black, 

From theſe obſervations, it appears that the 


florid red colour of the fleſh ariſes from the light 
E which 
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which is reflected from the white fibrous ſubſtance, 
and tranſmitted back through the red tranſparent 
covering, Which the blood forms on every part of 
It. 

The blood, whilſt recently drawn, does not 
aſſume the appearance which is common to tranſ- 
parent coloured liquors, for, ſuch liquors, when 
too maſly to tranſmit light from their farther ſur- 
faces, are black. But blood, recently drawn, yields 
a red colour, in whatſoever maſſes it is diſpoſed. 

The colour, thus exhibited, ariſes from a white 
matter diffuſed throughout the blood. The white 
matter is eaſily ſeparable from the red part of 
the cruor. This may be performed, by dividing 
the cruor, after it is coagulated, into thin pieces, 


upon which a ſufficient quantity of water muſt 
be poured. The cruor communicates a red tinge 


to the water, which ſhould be changed every day. 
After a few days, the water no longer receives 
any tinge, and the remaining maſſes of the cruor 
are, by theſe nieans, rendered perfectly white. 

Thus it appears that not only the fleſh, but alſo 
the blood itſelf, are white ſubſtances, tinged with 
red particles, 

The red colour, which the ſhells of lobſters 
aſſume, after they are boiled, is a mere ſuperficial 
covering, ſpread over the white calcareous earth 
of which the ſhells are formed, and may be eaſily 
removed by ſcraping, or filing the ſurface, 

Before 
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Before this ſuperficial covering is attenuated, 
by the heat, it is much denſer, fo that, in ſome 
parts of the ſhells, it appears black: as it is too 
denſe to admit the paſſage of the light to the 
white ſubſtance of the ſhell, and back again. But 
where this tranſparent blue colour 1s ſpread thin- 
ner, And rarer, the light, reflected from the white 
ſubſtance of the ſhell, is tranſmitted back through 
the blue film, and yields a light blue colour. 

The colour, of the ſhells of ſeveral ſpecies of 
eggs, is alſo merely ſuperficial, and may be ſcraped 
off, leaving the white earth of the ſhell expoſed 
to view. | 

Feathers, in like manner, owe their colours to 
thin layers of Coloured Matter, covering the white 
ſubſtance, of which they are principally farmed. 
I ſcraped off the ſuperficial colour from ſuch parts 
of vividly coloured feathers, as were ſolid enough 
to admit of that operation, and, by this means 
ſeparated the coloured layers, from the white 
ground, on which they had been naturally ſpread. 

The ſurfaces of the lateral fibres of feathers 
cannot be thus ſeparated, on account of their 
minuteneſs. But, as they appear, when viewed 
in a microſcope, nearly to reſemble, in their form, 
the feathers themſelves, it ſeems probable that 
their colours ariſe from a ſimilar matter, ' and 
conformation, in the ſmaller fibres, as in the 
groſſer parts of the feathers, 

The colours of all the animal ſubſtances, which 
have fallen under my obſervation, are effected in 

E 2 the 
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the flame manner as thoſe of the ſpecimens which 
I have here deſcribed. 

In all theſe inſtances, the colours of the bodies 
are produced by the light reflected from a white 
ſubſtance, and tranſmitted back from thence, 
through a tranſparent coloured covering. The 
colouring particles have been extracted from 
ſuch of the bodies, as were capable of yielding 
them to any proper ſolvents: and in their ſtate 
of ſolution, as well as when condenſed into a 
ſolid conſiſtence, they have been conſtantly found 
to poſſeſs a power of tranſmitting colour, but to 
be devoid of any reflective power. 

In the examination of ſome animal ſubjects, 
when the colouring matter could not be ſeparated 
from the white ſubſtance, by chymical means, I 
have had recourſe to mechanical methods of 
effecting their diviſion. But, ſuch methods can 
only be employed, when the principal part of 
the white ſubſtance is unmixed with the coloured 
coat or covering, which is ſpread upon its ſurface. 

The mineral kingdom affords a great variety 
of coloured ſubſtances. Theſe conſiſt principally 
of earthy, and metallic matters. 

The earths have been uſually arranged in three 
claſſes, the ſiliceous, the calcareous, and the argil- 
laceous, which is obtained pureſt in the earth 
of alum. To theſe, mineralogiſts have lately 
added magnelia, and terra ponderoſa, which is 
the baſis of ſpar. All theſe earths are perfectly 

white, 
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white, when pure, and free from heterogeneous 
matters, 

The colours, which they aſſume, are adven- 
titious, and ariſe from phlogiſtic, or metallic, 
mixtures. Such compounds form ochreous, 
cupreous, and other metallic earths, and colour- 
ed clays, and boles: which may be artificially 
obtained, by precipitating metals from their ſo- 
lutions, and uniting them with calcareous, or 
aluminous baſes. 

Calcareous earth indurated conſtitutes marble, 
which may be tinged, by means of metallic ſolu- 
tions, with dyes which, both in their colours, 
and materials, are ſimilar to thoſe produced by 
nature, 

From filiceous earths, flints are formed, which 
owe their colour to phlogiſton, and when ſuffici- 
ently heated, are rendered white, by the loſs of 
their inflammable contents. 

Siliceous earths impregnated with metals, form 
agates, cornelians, jaſper, and coloured cryſtals, 

The emerald, ſapphire, topaz, hyacinth, and 
ruby are compoſed of a mixture of ſiliceous, cal- 
careous, and argillaceous earths, and receive 
their colours from iron. 

All theſe coloured ſtones may be imitated by 
glaſſes tinged with ſuch phlogiſtic, or metallic 
matters, as enter the compoſition of the original 
ſubſtances, 


E 3 Liquors, 
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Liquors, impregnated with phlogiſton (No. 
65, &c.) tranſmit coloured light, but do not 
reflect any colours. Nor do the glaſſes which 
derive their colours from inflammable, or metal- 
lie matters, appear coloured by reflection, but 
by tranſmiſſion only. | 

From hence it is evident, that phlogiſtic, or 
metallic matters, when united with earths, do 
not reflect the coloured light: but are tranſpa- 
rent coloured media, which tranſmit the. light 
reflected by the particles of the white earths, 

Metals, when in their entire metallic ſtate are 
endued with a ſtrong reflective power. All the 
metals, except gold and copper, act equally 
upon all the rays of light, from which their 
whitenels ariſes, 

Gold exhibits a white light, which 1s tinged 
with yellow, I have uſed this expreſſion, becauſe 
it appears, from experiment, that gold reflects a 
white light, and that its yellow colour 1s a tinge, 
which is ſuperadded to its whiteneſs, The ex- 
periment is thus ſet forth by Sir Iſaac Newton.“ 
« Gold in this light, (that is, a beam of white 
« light) appears of the ſame yellow colour as in 
« day light, but by intercepting at the lens a 
« que quantity of the yellow making rays, it 
« will appear white like ſilver, as I have tried, 
« which ſhews that its yellowneſs ariſes from the 


Newton. Opt. L. I. Part II. Prop. XI. Prob. VI. 
« exceſs 
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« exceſs of the intercepted rays tinging that 
« whiteneſs with their colour, when they are let 
ce paſs,” 

I have already ſhewn, by numerous experi- 
ments, in what manner coloured tinges are pro- 
duced ; and it uniformly appears, from all thoſe 


experiments, that colours do not ariſe from 


reflection, but from tranſmiſſion only. 

A ſolution of ſilver is pellucid and colourleſs. 
A ſolution of gold (No. 18.) tranſmits yellow, 
but reflects no colour. This metal alſo when 
united with glaſs, yields no colour by reflection, 
but by tranſmiſſion only. 

All theſe circumſtances ſeem to indicate, that 
the yellow colour of gold ariſes from a yellow 
tranſparent matter, which is a conſtituent part 
of that metal, that it is equably mixed with 
the white particles of the gold, and tranſmits 
the light which is reflected by them. In like 
manner as when ſilver is gilt, or foils are made 
by covering white metals with Tranſparent | 
Colours, 

But, theſe factitious coverings are only ſuper- 
ficial, whereas the yellow matter of gold is 
diffuſed throughout the whole ſubſtance of the 
metal, and appears to envelop and cover each 
of the white particles. 

In whatſoever manner the yellow matter of 
gold is united to its white ſubſtance, it exiſts 
in a rare ſtare, For it bears only the ſame 
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proportion to the white, particles of the gold, 
as that part of the yellow-making rays, which 
were intercepted, bears to all the other rays 
comprized in the white light of the ſun, 

Calces are metals, diveſted of their phlogiſtic 
principle, by menſtrua, or by fire. The calcined 
particles are ſuſpended in their ſolvents, and, to- 
gether with them, form tranſparent liquors. The 
metals, thus diſſolved, reflect no colours, but 
either tranſmit coloured light, or are pellucid and - 
colourleſs, | 

It is proper here to explain the cauſe, why the 
metallic particles, which yield no colour, by inci- 
dent light, when ſuſpended in their ſolvents, are 
diſpoſed to exhibit colours, when ſeparated from 
their menſtrua, and reduced to a calciform ſtate. 

Sir Iſaac Newton has ſhewn, that when ſpaces, 
or interſtices, of bodies are repleniſhed with media 
of a different denſity, the Bodies are Opake ; that 
thoſe ſuperficies of tranſparent bodies reflect the 
oreateſt quantity of light, which intercede media 
that differ moſt in their refractive denſities ; that 
the reflections of very thin Tranſparent Subſtances 
are conſiderably ſtronger, than thoſe made by the 
ſame ſubſtances of a greater thickneſs. 

On theſe grounds, the minute portions of air, 
or of the rarer medium, which occupies ſpaces void. 
of other matter, reflect a vivid //hite Light, when- 
ever their ſurfaces are contiguous to, media, whoſe 
denſities differ conſiderably from their own. Sa 

| that 
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that, every ſmall maſs of air, or of the rarer 
medium, which fills the pores, or interſtices, 
of denſe bodies, is a minute white ſubſtance. 
This is manifeſt, in the whiteneſs of froth, 
and of all pellucid Colourleſs Bodies, ſuch as 
glaſs, cryſtal, or ſalts, reduced to powder, or 
otherwiſe flawed, For, in all theſe inſtances, 
a White Light is reflected from the air, or rarer 
medium, which intercede the particles of the 
denſer ſubſtances, whoſe interſtices they occupy. 
All pellucid Colourleſs Subſtances become 
opake and white, by the admixture of pellucid 
colourleſs media of conſiderably different den- 
ſities : as in the inſtances which have been here 
adduced. And all Opake White Subſtances 
are rendered pellucid and colourleſs, by reducing 
them to uniform maſſes, whoſe component parts 
are, every where, of nearly the ſame denſity. 
Becauſe, all reflections are made at the ſurfaces 
of bodies differing, in denſity, from the ambient 
medium ; and, in the confines of equally denſe 
media, there is no reflection. | 
Thus, opake white earths are reducible to 
Pellucid Colourleſs Glaſſes, by proper fluxes, 
and a ſufficient degree of heat. When the 
particles of air and water, united in the ſmall 
bubbles of which white froth conſiſts, are ſepa- 
rated from one another, each of them conſtitutes 
an uniform, Pellucid, Colourleſs Subſtance. 
When 
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When particles of air, or of the rarer matter, 


occupy the interſtices of any denſe\ Tranſparent 
Coloured Body, the White Light reflected from 
thoſe rare ſubſtances ſhines through the Tranſ- 
parent Coloured Medium which the particles 
intercede, and is tinged by it, according to 
the colour which it tranſmits, 

Thus, an infuſion of cochineal tranſmits a 
red colour, and its ſurface is black, when viewed 
by incident light. But, if this liquor be agi- 
tated, its ſurface is thereby covered with a red 
froth, whoſe colour is occaſioned by the light, 


reflected from the globules of air incloſed in - 


each of the bubbles, and tranſmitted back 
through the tranſparent films of red liquor, 
which cover them. 

I tinged ſeveral maſſes of glaſs with metals 
ſo intenſely, that they appeared black, except 
in ſuch parts as, from their thinneſs, tranſmitted 
the Coloured Light. Pieces of theſe glaſſes 
were pulverized ſeparately, and each of the 
powders, thus prepared, exhibited the reſpec- 


tive colours, with which the ſeveral maſſes of 


glaſs had been tinged, 

The action of ſuch powders, on tne rays of 
light, ariſes from the diſcontinuity of their parts, 
whereby the air 1s admitted into their interſtices, 
and, by its reflective power, produces thoſe 
appearances, which reſult from rare media con- 


tained 


” a 
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tained in the pores of Tranſparent Coloured 


Subſtances. 

It is evident that calces, ſeparated from me- 
tallic ſolutions, derive their power of exhibiting 
Coloured Light from the ſame cauſes, which 
prevail in thoſe inſtances which I have here 
adduced, and explained. For, in proportion 
as the interſtices of the calces are evacuated, 
by the deprivation of their liquid ſolvents, the 
air pervades thoſe vacuities. 


Vitriols, and other metallic ſalts, are formed 
from metallic ſolutions, by the evaporation of 


their aqueous part, excepting only ſuch a por- 
tion of it as is eſſential to their cryſtallization. 

Theſe metallic ſalts are either coloured, or 
colourleſs, according to the ſolutions from which 
they are formed. Whilſt their conſtituent prin- 
ciples remain united in due proportion, and 
order, they are pellucid. But when their watery 
part 1s diſengaged, they loſe their tranſparency, 
and texture, and are reduced to an opake friable 
maſs, or to powder. 

In this ſtate, air pervades the interſtices which 
the water had evacuated, and reflects a white 
light, in conſequence of the difference of its 
denſity from that of the matter which is con- 
tiguous to it; and as even the coloured vitriols, 
and other coloured metallic ſalts, contain a large 
proportion of colourleſs ſaline matter ; when the 
water of their cryſtallization is expelled, their 


metallic 
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metallic coloured particles are ſo diluted, that 
the maſs appears almoſt white, 

Theſe effects are alſo produced by pulverizing, 
or otherwiſe flawing, metallic ſalts, but not ſo 
compleatly as by the expulſion of their water. 

By calcination, the ſaline matter is driven off: 
and, when this operation is effectually performed, 
the calces conſiſt of metallic particles, which are 
free from all extraneous matter, excepting only 
the molecule of air which occupy their inter- 
ſtices. | 

The air, which intercedes the particles of 
metallic calces, reflects the light more ſtrongly 
than that which intercedes vitriolic particles. 
Becauſe the calces of metals differ more, in their 
denſity, from air, than metallic falts differ from 
that fluid, Therefore, each molecula of air, 
which intercedes the metallic particles, power- 
fully reflects a white light, and conſequently is 
itſelf a minute white body, ſuch as is ſeen in the 
globules of air enveloped in the ſmall bubbles 
of water which conſtitute white froth. 

But, as the ſpecific denſity of metallic calces 
greatly exceeds the ſpecific denſity of water, the 
molecule of air, which intercede the metallic 
particles, reflect the light ſtronger than thoſe 
which intercede the aqueous particles, in pro- 
portion to their difference of denſity with re- 
ſpect to that of the ambient ſubſtances, whoſe 


vacuities they occupy, 
No 
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No ſubſtances, whoſe interſtices are occupied 
by air, differ more from air, in their ſpecific 
denſity, than metallic calces do. For which rea- 
ſon, the reflections made at the ſurfaces, which 
intercede thoſe media, are extremely ſtrong. 

The Light, reflected from the moleculæ of 
air contained in the interſtices of metallic calces, 
is tranſmitted through the thin Tranſparent 
Matter of the calces which cover them, . and is 
thereby tinged, according to their reſpective 
colours. 

It is evident that calces, obtained from Tran- 
ſparent Metallic Solutions, by the evaporation 
and expulſion of their aqueous, and ſaline, parts, 
conſiſt of Tranſparent Matter: for, the metallic 
particles in the ſolutions, and in the calces, are 
the ſame, and the opacity, or tranſparency, of 
the ſolutions, and calces, ariſe from the differ- 
ence of the media, which intercede the metallic 
particles in the one, or the other, of thoſe ſtates. 

Calces, united with pellucid colourleſs glaſs, 
are tranſparent; and metallic glaſſes, which are 
formed by fuſion of the calces, are alſo tranſpa- 
rent. For they conſtitute ſolid, ſmooth, maſſes, 
devoid of ſuch pores as are capable of admitting 
the entrance of air. 

* The exiſtence of air, in the calces of metals, 
is clearly eſtabliſhed by numerous chymical ex- 
periments. From thele it appears, that metals, 
during their calcination, copiouſly abſorb the 


ambient 
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ambient air, and thereby acquire a conſiderable 
increaſe of weight. When they are again re- 
duced to their metallic form, a quantity of air, 
equal to that which was acquired during the 
calcination, 1s diſengaged, and the maſs loſes 
the adventitious weight, which it poſſeſſed du- 
ring its calciform ſtate. 

Metals, calcined by heat only, a& upon light 
in the ſame manner as thoſe which have been 
previouſly diſſolved, and afterward calcined. 
They agree, in the diſcontinuity of their par— 
ticles; in their abſorption of air, and their con- 
ſequent increaſe of weight; and in their tran- 
ſparency, which is manifeſted, when they are 
mixed with pellucid glaſs, or other pellucid 
media, and when tranſparent metallic glaſſes 
are produced by their fuſion. 

Metallic precipitates, which are combined 
with ſome of the matters, by which they were 
diſſolved, or precipitated, tranſmit the light 
which is reflected by thoſe matters. When pre- 
cipitates are diſengaged from ſuch extraneous 
parts, by ablution, calcination, or any other 
means, they are mere calces, ſuch as have been 
already conſidered, 

When oil, inſtead of air, is interpoſed betworn 
the particles of paints which are formed of the 
denſer metals, ſuch as vermilion, and minium, 
their colours are not perceptibly altered: be- 
caule, although oil conſiderably exceeds air, in 


its 
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its ſpecific denſity, yet as it differs greatly in that 
reſpect, from the denſer metallic powders, the 
moleculz of oil, which intercede their particles, 
act upon the incident light ſo ſtrongly that the 
reflections, effected by them, cannot be diſtin- 
guiſhed from thoſe which are cauſed by rarer 
media. | | 

When ochres, and other paints, which owe 
their colours to the rarer metals, are combined 
with oil, they aſſume a darker hue. Becauſe the 
excels of the denſity of oil, over that of air, forms 
a ſenſible difference, when comparatively conſi- 
dered, with reſpect to the ſpecific gravity of the 
rarer metals. From this cauſe, perceptibly leſs 
light is reflected from the moleculz of oil, than 
from thoſe of air, and conſequently the maſs 
appears darker, 

When air is expelled from, and oil is united 
with, coloured powders, whoſe ſpecific denſity 1s 
much leſs than that of metallic calces, the 
brightneſs of their colours is diminiſhed in 
proportion as the powders approximate, in ſpe- 
cific denſity, to the media which occupy their 
interſtices. And when the ſpecific denſity of 


theſe is nearly equal, there is no ſenſible re- 
flection in the confines of their reſpective ſurfaces, 


and therefore the maſs appears black. 

Thus, when indigo, and other tranſparent 
vegetable paints, are united with oil, the air is 
thereby expelled from their interſtices; and the 

oil, 
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oil, which is admi 
nearneſs of its denſity, to that of the ambient 
powders, reflects no ſenſible light, ſo that the 
maſs, which conſiſts of ſuch uniformly denſe 
media, is black. 

When ſmooth ſurfaces of dark-coloured marble, 
or ſlate, or of any other poliſhed coloured ſub- 
ſtances, are ſcratched, the air enters into the 
interſtices which are opened by this operation, 
and according to the exceſs of its rarity, over 
that of the maſſes whoſe particles it intercedes, 
it ſtrongly reflects a whiter, or lighter-coloured, 
hue. But, when by poliſhing the ſurface, or filling 
the pores with a denſer medium, the air is re- 
moved from them,'the darker hue is reſtored, 

From all the preceding experiments and ob- 
ſervations, it appears that vegetable, animal, 
and mineral Coloured Matter is tranſparent ; that 
it does not refle& colours, but exhibits them by 
tranſmiſſion 'only ; that Opake Coloured Bodies 
conſiſt of tranſparent matter, which covers 
opake white particles, and tranſmits the light, 
which is reflected from them. 

I ſhall, in the next place, examine the nature 
of Semipellucid Coloured Subſtances, which 


appear of one colour, when viewed by incident 


light, and of. another, when viewed by tranſ- 
mitted light: and I ſhall endeavour to ſhew, 
from ſeveral experiments and obſervations, that, 
in theſe, as well as in Opake Coloured Bodies, 

no 


in its ſtead, from the 


Permanent Colours of Opake Bodies. 81 


no reflection is made by Coloured Matter, but 


by White, or Colourleſs, Particles only. 

Semipellucid Subſtances, which appear of one 
colour when viewed by incident light, and of 
another colour when viewed by tranſmitted light, 
conſiſt of pellucid media, throughout which 
White, or Colourleſs, Opake Particles are dif- 
fuſed. 

The opake particles are diſpoſed at ſuch diſ- 
tances from each other, that ſome of the inci- 
dent rays of light are capable of paſſing through 
the intervals which intercede them, and thus 
are tranſmitted through the ſemipellucid maſs. 

Some ſorts of rays penetrate through ſuch 
maſſes, whilſt other ſorts, which differ from them 
in their refrangibility, are reflected, by the 
White, or Colourleſs, Particles, and from thence 
are tranſmitted back through the pellucid part 
of the medium, which intervenes between the 


reflecting particles and the anterior ſurface of 


the maſs. 

When pellucid colourleſs glaſs is melted with 
arſenic, the arſenic is thereby divided into mi- 
nute opake white particles, which are equably 
diffuſed throughout the glaſs. If only a ſmall 
quantity of arſenic is uſed in this compound, 
the white particles are rarely diſſeminated in it. 

When glaſs, thus combined with a ſmall pro- 
portion of arſenic, is held between the window 
and the eye, it appears Yellow or Orange 

F | Coloured. 
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Coloured, When it is viewed by incident light, 
it exhibits a Blue Tinge. The yellow, or orange 
colour ariſes from the tranſmiſſion of the leſs re- 
frangible rays, from whoſe mixture that colour 
reſults, The more refrangible rays are not tranſ- 
mitted through the glaſs, but are reflected by the 
white particles, and paſs back through the Tranſ- 
parent Medium, which 1s between thoſe particles 
and the anterior ſurface of the glaſs. 

I ſhall here cite from Sir Iſaac Newton, a paſ- 


ſage,® from which it appears, that from the mix- 


ture of thoſe rays, which are tranſmitted, a yel- 
low, or orange colour muſt be produced ; and 
that thoſe rays which were intercepted, and re- 

fleted, muſt compoſe a blue colour, 
As the arſenical particles are equably diffuſed 
chroughout the glaſs, with which they are com- 
bined, 


* The letters R, and op, refer to a figure in Sir Iſaac 
Newton's Optics (L. I. Part II. Prop. VIII. Probl. III.) 
which repreſents the rays of light, caſt on a White paper 
after they have been refracted through a priſm, and ex- 
preſſes the compound colours which reſult from the ſeveral 
mixtures of the differently refrangible rays. The follow- 
ing extracts relate to ſuch mixtures of the rays, as produce 
blue, and'orange colours, 

« At R, where the violet-making, indigo-making, 
© blue-making, and one half of the green-making rays - 
„are mixed, their colours muſt compound a middle co- 
„ lour between indigo and blue. 

At ę, the mixture of red, orange, yellow, and one half 
of the green, muſt compound a middle colour between 
orange and yellow,” 
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bined, conſequently the ſpaces, which intervene- 
between thoſe particles, are equal to each other: 
and the ſpace alſo which intervenes between the 
ſurface of the glaſs, and the arſenical particles 
which are neareſt to the ſurface, is equal to the 
intervals which intercede the particles. And this 
may be farther ſhewn, by breaking ſuch maſſes 
of glaſs; for, the freſh ſurfaces of every frag- 
ment will appear ſimilar to the original ſurface 
of the whole maſs. 

From hence it is evident that, when a ſmaller 
portion of arſenic is mixed with glaſs, the inter- 
vals between the White Opake Particles will be 
larger, and therefore, the leſs refrangible rays will 
be more copiouſly tranſmitted through them : 
and, in conſequence of their loſs, the more re- 
frangible rays which are intercepted, and re- 
fleted, by the particles of arſenic, will exhibit 
a bluer colour, and recede farther from white- 
neſs, 

This obſervation is confirmed by experiment : 
for, although glaſs, which contains a ſmall pro- 
portion of arſenic, appears blue by incident, and 
orange coloured, by tranſmitted light; if a large 
proportion of arſenic be combined with the glaſs, 
the compound, viewed by incident light, ap- 
pears white, and no colour is tranſmitted through 
it, except it be made extremely thin. For, as 
the intervals between the particles, which are 
thus denſely diſpoſed throughout the glaſs, do 

F 2 not 
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not admit the paſſage of the leſs refrangible rays, 
they are not ſeparated from the more refrangible 
rays, but are conjointly intercepted and reflected, 
by the white particles, which are contiguous to 
the anterior ſurface, and therefore the maſs 
appears white, 

When a bright light, ſuch as the ſun, or the 


flame of a candle, is viewed through a thick 


maſs of ſuch glaſs, ſo many of the more refran- 
gible rays are intercepted, that the tranſmitted 
rays compound a Red Colour, 

The glaſs, of which bottles are uſually made, 
affords another inſtance of a ſemipellucid ſub- 
ſtance, which exhibits a blue colour by incident, 
and a yellow or orange colour, by tranſnſitted 

light. | 
This ſort of glaſs, when in its perfect ſtate, 
tranſmits a green colour, which it owes to the 
iron contained both in the vegetable aſhes, and 
in the ſea ſand, which enter into its compoſition. 

The flux, by which the materials of this glaſs 
are fuſed, is ſo looſely connected with them, 
that it is diſengaged by expoſure to a red heat. 
In proportion as the glaſs is decompoſed, by the 
loſs of its flux, the earthy particles, which are 
no longer diſſolved, become Opake. If the 


glaſs be withdrawn from the fire, . whilſt only 


a ſmall part of the flux is diſengaged, the maſs 
conſiſts of Tranſparent Glaſs, throughout which 


the opake earthy particles are diſſeminated, 
It 


— —  — Ss. 
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If the glaſs be ſurrounded with white ſand, or 
other earthy ſubſtances, and expoſed ro a greater 
heat, it entirely loſes its tranſparency, and tex- 
ture, and aſſumes the appearance of porcelain 
or earthen ware, as M. Reaumur firſt obſerved. 
I have continued this proceſs ſo far, that the 
whole of the flux was diſengaged from the other 
materials of the glaſs. 

After having expoſed, in a ſtrong, continued 
heat, the neck of a bottle, filled, and ſurrounded, 
with white fand, I obſerved that all the flux had 
quitted the glaſs, and united with the ſand, 
which had been in contact with its external, and 
internal, ſurfaces. For the ſpace, which had 
contained the glaſs, was occupied by a looſe 
ſandy powder, and on each fide of that ſpace, 
the white ſand was united into a firm, conſiſtent, 
maſs, which repreſented a mould, whoſe cavity 
was of the exact form, and ſize, of the neck of 


the bottle, from whoſe flux it received its ſhape, + 


and conſiſtence. 

When the glaſs, from the degree of heat, to 
which it has been expoſed, is reduced to ſuch 
a ſtate, that it conſiſts of a Tranſparent Medium, 
mixed with Opake White Particles, it exhibits 
a blue colour by incident light, and a yellow, 


- or orange colour, by tranſmitted light. For, 


the more refrangible rays being intercepted and 
reflected by the white earthy particles, paſs back 
through the ſpace, which intervenes between 

F 3 ' thoſe 
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thoſe particles and the anterior ſurface of the 
glaſs; by which a blue colour is compounded. 
And the leſs refrangible rays, pervading the 


ſemipellucid medium, compound a yellow, or 


orange colour, as has been already explained, 
with reſpect to the glaſs combined with arſenic. 
When a greater degree of heat is applied to 
the glaſs, by which the opake earthy particles 
become more copious, the maſs appears almoſt 
white. Becauſe, as in this denſe ſtate of the 


opake particles, almoſt all the differently refran- 


gible rays are intercepted, and reflected, by them, 
a hue nearly approaching to whiteneſs ariſes from 
their mixture. 

The quantity of ferruginous particles, in this 


maſs, is ſo inconſiderable, and the colour pro- 


duced by them is ſo diluted by the numerous 
reflections from the white opake particles, that 
it becomes almoſt imperceptible. 

The atmoſphere acts upon the rays of light, in 
the ſame manner as the femipellucid media which 
have here been deſcribed. | 

The blue colour of the ſky is not produced by 
reflection from the atmoſphere, conſidered as an 
uniform extended maſs. For ſuch a maſs would 
reflect the colour, from its ſurface. As reflec- 
tions are made only at the ſurfaces of bodies, 
which differ, in denſity, from the media, which 
are contiguous to them; but the atmoſphere does 
not reflect any coloured light from its ſurface. 

Thus, 


| 
| 
| 


| 


1 — 


— 
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Thus, when the air contained in a chamber, 
or in a court or area, is viewed through a glaſs 
window, the ſurface of the atmoſphere, which is 
contiguous to the glaſs, reflects no colour, but 
is pellucid and colourleſs. Nor is any colour 
reflected by the ſurfaces of air, which are adja- 
cent to water, cryſtal, or any other media, placed 
in contact with it. | 

The air contains a great variety of extraneous 
particles, which although they are almoſt, or 


- entirely, imperceptible when ſeparate, yet, when 


viewed colleQively,*are capable of producing 
viſible reflections, by their united powers. 
When a beam of light is admitted through 
a ſmall hole, into a dark chamber, innumerable 
motes are ſeen floating in the air, which 1s. thus 
illuminated. Theſe minute bodies vividly re- 
flect a white light around them, in every direc- 
tion, ſo that they are diſtinctly ſeen from every 
part of the dark chamber. Such particles occu- 
py all parts of the air which have been hitherto 


obſerved. 


The atmoſphere abounds in volatile, and eva- 
porable matters, which are diſengaged from na- 
tural bodies, by ſeveral operations, as fermenta- 
tion, efferveſcence, putrefaction, the action of 
fire in volcanos, and various other means of de- 
compoſition, 

Many of the particles, which are ſeparated by 
ſuch proceſſes, differ conſiderably, in denſity, 

F4 from 


[ 
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from the air. And, as they are, for the moſt 
part, colourleſs, they reflect a white light, and 
therefore may be conſidered as white particles, 
diffuſed throughout the pellucid colourleſs air. 

In this reſpe&, the atmoſphere is ſimilar to 
the ſemipellucid medium, which is formed by 
_ diffuſing the white particles of arſenic, through- 
out pellucid colourleſs glaſs. In both theſe 
ſubſtances, whilſt the white, or colourleſs, par- 
ticles are rarely diſſeminated through the tranſ- 
parent medium, the leſs refrangible rays are 
tranſmitted through the intervals which intercede 
the particles, and compoſe an orange, or red, 
colour: but, the more refrangible rays are inter- 
cepted, and reflected, by the particles, and the 
mixture of thoſe rays produces a blue colour, 

In the air, as well as in the ſolid ſemipellucid 
media, when the white particles are more denſe- 
ly arranged in the pellucid medium, the intervals 
which intercede them are diminiſhed, and the diſ- 
tance, between the ſurface of the pellucid medi- 
um, and the white particles, is alſo reduced, 

In this ſtate of the atmoſphere, as the greateſt 
part of the yellow, orange, and red rays, are 
intercepted, and reflected, together with the 
more refrangible rays, they, by their union, 
exhibit a hue nearly approaching towards white- 
neſs. | 

When the part of the atmoſphere, which is 
near the ſurface of the earth, is occupied by 
grofs 
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groſs vapours, this mixture of air with aqueous, 
or other particles, is white: and, the anterior 
ſurface, as well as the interior parts, of the com- 
pounded medium, appears to be denſely ſtored 


with white particles. Fogs, which conſiſt of 


groſs vapours, ſeem chiefly to differ from 
clouds, in their depreſſion, and contiguity to 
the ſurface of the earth. 

When ſuch vapours are elevated higher in 
the air, and form clouds, they reflect the white 
light of the ſun, and thereby appear white, 
whenever its incident rays fall upon thern intire 
and undivided, 

As the reflective particles are not equally 
diffuſed through every part of the pellucid air, 
of which the atmoſphere principally conſiſts, 
it frequently happens, that large tracts of air 
are furniſhed with only ſuch a portion of ſub- 
tile contents, as qualify them to reflect a blue 


colour; whilſt others are ſo denſely ſtored with 


reflective particles, that they conſtitute clouds. 
The inferior parts of the atmoſphere which + 
are adjacent to the ſurface of the earth, con- 
ſtantly abound in denſe exhalations, more than 
the higher regions. 
Naturaliſts have not hitherto obtained any 
conſiderable inſight into the nature, and origin, 


of the particles by which the tranſparency of 


the air is impaired, except as far as relates to 
aqueous 


he” 
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aqueous meteors. It is certain that ſome of 
the moſt extenſive, and permanent vapours,* 
which have been obſerved in the atmoſphere, 
were not formed of aqueous or humid matter. 

The miſt, which obſcured the air, during 
the ſummer of the year 1783, was remarkable 
for its extent. For, it involved almoſt all 
Europe, a part of Aſia, and of Africa, and per- 
haps reached much farther: its altitude was 
ſo great, that the Alps were immerſed in it. 

In moſt parts of Europe, the air, during the 
prevalence of this vapour, was unuſually dry. 
For, the hydrometer did not riſe to the point 
which denotes moiſture; ſalt cryſtallized in 
brine pits, before the ordinary period; and 
other proceſſes, which depend upon evaporation, 
were accelerated. 

Several other curious obſervations, relative 
to this ſubject, are contained in an account 
. written by M. Senebier of Geneva.“ | 
When the air is repleniſhed with very denſe 
vapours, it tranſmits only the leſs refrangible 
rays, from whoſe mixture an orange, or red, 
colour is produced. Diſtant mountains covered 
with ſnow, clouds, or other white ſubſtances, 


* The paper of this excellent philoſopher is inſerted in 
the Journal of the Abbe Rozier (Anno. 1784. May.) The 
ſame collection contains alſo inſtruftive accounts of that 
ſubject by M. Toaldo, Profeſſor at Padua, M. Lamanon, 
and M. Marcorelle, Baron d'Eſcalle. (Jan. 1784.) 


which 
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which are oppoſed to the rays tranſmitted 
through the atmoſphere, reflect their light, and 
thence aſſume their colours. | 

Sir Iſaac Newton attributed the various colours 
of the clouds, to the different magnitudes of the 
particles, whereby he conceived that they were 
qualified to reflect the differently refrangible 
rays. M. Melvill has more accurately remark- 
ed, that the colours of the clouds, at ſun-riſing 
and ſetting, do not depend on the ſizes of their 
component particles, but ariſe merely from the 
colours of the rays tranſmitted through the tract 
of air which is contiguous to the horizon, and 
that they indiſcriminately reflect the rays which 
are incident upon them. : 

This obſervation perfectly agrees with the 
phænomena. But the author of this remark 
does not ſeem to have formed any clear or 
preciſe conception of the conſtitution of the 
atmoſphere, and its action on the rays of light. 
He ſuppoſed, that the atmoſphere is ſimilar 
to Tranſparent Coloured Liquors. * But, it 


* Phyſical Eſſays: Edinburgh. 1756. vol. II. p. 79. 
To underſtand why the ſun's rays, by paſſing through a 
greater and greater quantity of air, change by degrees 
from white to yellow, thence to orange, and laſtly to 
red, we have only to apply to the atmoſphere, what Sir 
*« Iſaac Newton ſays (Book I. of his Optics, Part II. Prop. 


KX.) concerning the colour of tranſparent liquors in 
general.“ | 


appears 


| 
| 


\ 
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appears from ſeveral parts of this inquiry, that 
Tranſparent Coloured Liquors do not reflect 
any colour, but appear black when viewed by 
incident light: therefore, the atmoſphere, which 
exhibits colours by reflecting the incident light, 
does not, in its optical properties, reſemble 
ſuch liquors. 

Mr. Melvill not only acquieſces in the general 
opinion, that colours are produced by the re- 
flection of the ſeveral rays, from the Colouring 
Particles: but he extends his doctrine of the 
reflective power of thoſe particles, ſo far as to 
attribute to them the action on light, whereby 
opake bodies are ſooner heated by the ſun- beams, 
than tranſparent ones. © As (according to him) 
« each colorific particle of an opake body, by the 
« reaction of the particles of light, muſt be 
« ſomewhat moved, when the light is reflected 
« backward and forward between the ſame 
« particles, it is manifeſt, that they likewiſe muſt 
« be driven backward and forward with a vibra- 
% tory motion.” “ 

With reſpe& to this hypotheſis, I ſhall only 
obſerve, that, as the Colouring Particles of bodies 
do not reflect the rays, but appear black by 
incident light, eyen when contiguous to air; 
they cannot, according to any optical law, exer- 
ciſe a reflective power, when they are in contact 
with the internal parts of media, whoſe denſity 


® Ib. p. 20. 
greatly 
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greatly exceeds the denſity of air, and thereby 
approaches much nearer to that of the colouring 
matter itſelf. 

When diſtant objects are ſeen, through a 
conſiderable tract of ſuch rare air as conſtitutes a 
blue ſky, thoſe objects aſſume the blue colour of 
the air. For they muſt be conſidered as re- 
flective bodies, acting on the incident light, in 
the ſame manner as the reflective particles, which 
are diffuſed through the air. So that the re- 
flected light paſſes back, from them, mixed with 
the blue rays, which are reflected by the minute 
extraneous particles of the atmoſphere. 

If a denſer atmoſphere, or a longer tract of it, 
intervene between the objects and the eye, they 
become fainter and leſs diſtinct, and appear 
whiter; as the rays reflected from them are 
mixed with the whiter hue, which numerous 
particles communicate to the air. | 

By the interpoſition of a ſtill greater quantity 
of the reflective particles of the air, the objects 
diſappear. For the weak reflected light of 
diſtant objects, cannot, like the ſtrong light of 
luminous bodies, penetrate ſemipellucid ſub- 
ſtances, ſo as to tranſmit through them even the 
leſs refrangible rays. 

Theſe, and all the phænomena of the atmo- 
ſphere, may be imitated, and explained, by 
artificial ſemipellucid ſubſtances, ſuch as have 

been here deſcribed. 
| Sir 
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Sir Iſaac Newton, and others, have ſuppoſed 
that the green colour of the ſea is produced by 
the reflective power of the water. But, actual 
obſervations do not confirm, or agree with this 
opinion, h 

When ſea water is admitted into a reſervoir, 
which does not exceed a few inches in depth, the 
water appears pellucid and colourleſs. It is 
therefore manifeſt, that no colour is reflected from 
its ſurface. Conſequently, the water of the ſea, 
conſidered as an uniform extended maſs, does not 
reflect any colour. | 

Sea water abounds in heterogeneous particles, 
Magneſia is procurable from its analyſis: calca- 
reous earth may be obtained in the ſame manner, 
and manifeſts itſelf in the numerous ſhells, corals, 
and other calcareous concretions, which are 
formed in it. The ſtrata, which compoſe the 
bottom, and ſhores, of the ſea, alſo furniſh 
various ſaline, metallic, bituminous, and other 
matters, The animals, and vegetables, which it 
nouriſhes, contribute to the production of ex- 
traneous particles. All theſe receive an addition 
from the rivers, which conſtantly diſcharge their 
contents into the ſea. 

Many of the earthy, and other, particles ac- 
cede, in denlity, ſo near to water, that, when 
they  intercede that medium, their reflective 
power muſt be very weak: but, as they do not 


entirely coincide with water, in denſity, they 
| | muſt 
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muſt be endued with a ſmall degree of reflective 
power. Therefore, although they may be invi- 
ſible, when ſeparately viewed, yet when the 
forces of a great number of ſuch minute bodies 
are united, their action on the rays of light be- 
comes perceptible; ſome ſorts of rays being re- 
flected by them, whilſt others are tranſmitted 
through their intervals, according to the quan- 
tity of reflective matter, which the rays arrive 
at, in the internal parts of the water. 

The opacity of the ſea, cauſed by the nu- 
merous reflections from its internal parts is ſo 
conſiderable, that extenſive maſſes of it cannot 
be ſeen through : even although the obſtacle 
ariſing from the colourleſs light, reflected from 
its ſurface, be removed, by viewing the lower 
part of the water, through a dark tube immerſed 
under the ſurface, at the bottom of which a 
poliſhed glaſs plate is joined. | 

The nature and origin of the particles, which 
diminiſh the tranſparency of the water of the ſea, 
have not hitherto been examined, except as far 
as relates to the more obvious ſaline, and earthy, 
fubſtances which are commonly obtained from 
its analyſis, | 
Vet, although the matter, of which theſe 
particles are formed, is not aſcertained, it is cer- 
tain that they are endued with a ſomewhat greater 
reflective power, than thoſe which are ſuſpended 

in 
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in the atmoſphere, when in its rareſt ſtate. For 
the reflective particles, of the rareſt ſky, exhibit a 
blue colour, when viewed by incident light ; but 
the reflective particles of the ſea act upon a greater 
portion of the more refrangible rays ; whereby they 
_ exhibit a green colour; and, (as Dr. Halley found 
from actual obſervation) tranſmit a roſe colour, 
which is red, inclining to violet, at ſuch depths as 
only the leſs refrangible rays can penetrate. * 

Sir Iſaac Newton obſerves that thoſe parts of 
thin plates of water, or air, which by tranſmitte 


„ ſunk many fathoms deep into the water, the upper part 
of his hand, on which the ſun ſhone directly through the 
«« water, and through a ſmall glaſs window in the veſſel, 
«« appeared of a red colour, like a damaſk roſe, and the 
*« water below, and the under part of his hand, illuminated 
„by light reflected (“) from the water below looked 
„green.“ (“) All the green light, by which the under 
part of the hand was illuminated, was not refle&ed from 
the medium, which was beneath the veſſel: for, a part of 
it was reflected from the ground, over which the veſſel was 
placed. The light, thus reflected from the ground, was 
tinged green, by paſſing through the ſmall depth of water, 
which intervened between the ground, and the vacant ſpace 
in the veſſel, under the hand: whereby the rays, reflected, 
from the ground, were mixed with the green rays reflected 
from the internal parts of the ſea water. 


violet, 
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violet, exhibit a green colour by reflected light.“ 
Theſe he calls oppoſite colours, by which term 
he uſually expreſſes thoſe tranſmitted colours 
which are ſeen in the part of the medium, which 
is _ to the reflected colours, and vice 
verſa. f 

All OPER. tranſmitted by ſemipellucid ſub- 
ſtances, are oppoſite to thoſe which the ſubſtances 
exhibit when viewed by incident light. And in 
proportion as Tranſparent Coloured Media grow 
opake, by the formation, or reception, of white, 
or colourleſs particles, the colours which they 
tranſmit recede farther and farther from the 
original colour, which the medium tranſmitted 
whilſt it was tranſparent, until at laſt the maſs 
grows ſo opake, that no rays are any longer 
tranſmitted, 

I ſhall not enter upon any farther explanation 
of the manner in which the water of the ſea acts 
upon the rays of light, as the obſervations which 
have been made reſpecting the air, and other 
ſemipellucid media, are likewiſe applicable to 
the optical appearances of the ſea. _ 

The ſemipellucid ſubſtances, which I have 
hitherto deſcribed, refle& the more refrangible, 


and 


Ib. Prop. V. Theor. IV. Exp. X. © If the red and 


violet be intercepted, the remaining yellow green and 
blue, will compound a green,” 


+ Ib. L. II. Part I. Obſ. IX. «© By looking through 
the two contiguous object glaſſes, I found that the inter- 


i % ;ncent 
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and tranſmit the leſs refrangible rays. Such 
media, for the moſt part, a& you the rays in 
a ſimilar manner, | 

The reflection, and tranſmiſſion, of the more 
or leſs refrangible rays, depend upon the powers 
of the reflective particles. The reflective, as 
well as the refractive, power of bodies being in 
a great meaſure proportionable to their ſpecific 
gravity. | 

Inſtances rarely occur either of natural, or 
factitious ſemipellucid ſubſtances, in which the 
reflective particles are of ſo great a ſpecific 
gravity, as qualifies them to reflect the leſs 
refrangible rays, ſuch as red, or orange; and, 
which at the ſame time are ſo minute, and fo 
rarely diffuſed, that intervals are left between 
them, ſufficient to admit the paſſage of the 
rays. 

The ſpecific gravity of 24 is much greater, 
than that of any other known ſubſtance, by 
which glaſs can be equably tinged. I therefore, 


« jacent air exhibited rings of colours, as well by tranſ. 
«« mitting light, as by reflecting it. 

„ found that white was oppoſite to black, red to blue, 
«« yellow to violet, and green to a compound of red and 
„violet. That is, thoſe parts of the glaſs were black 
«« when looked through, which when looked upon appeared 
«« white, and on the contrary, And fo thoſe which in one 
„ caſe exhibited blue, did in the other caſe exhibit red, 
and the like of the other colours.“ 


judged 


Permanent Colours of Opake Bodies. 99 


judged it expedient to examine in what manner 
the particles of that metal, combined with glaſs, 
would, under various circumſtances, act upon 
the differently refrangible rays. | 
For this purpoſe, I combined gold with pellu- 
cid colourleſs glaſs, after the manner of Kunckel, 
Caſſius, and others, by which a Tranſparent 
Coloured Glaſs was compoſed, which tranſmitted 
a bright red colour, but appeared black by inci- 


dent light. | 
I expoſed ſeveral pieces of this red glaſs to 


the heat of burning coals; by which means, 
they loſt their tranſparency, and underwent an 
alteration in their texture. For, when the red 
glaſs is thus reheated, the particles of gold, uni- 
ting with ſome of the other ingredients of the 
glaſs, form Opake Molecule, which reflect all 
the rays, excepting the violet, and thereby 
appear by incident light, of a light brown hue. 

If all the rays were equally reflected, the maſs 
would appear white, when viewed by incident 
light. But, the privation, of even a ſmall 
portion of them, impairs the whiteneſs, and 
reduces it to a brown hue, which is lighter, or 
more intenſe, as a greater or leſs quantity of 
the different rays are wanting in its compoſition, 

The brown hue, reflected from the glaſs, 
which 1s here inſtanced, ariſes from the white 
light reflected from the Opake Particles, to 
which a ſmall proportion of all the rays, except- 
ing the violet, is ſuperadded. 


= The 
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The violet rays are tranſmitted through the 
glaſs, and, therefore, it appears vividly tinged 
with a violet colour, when looked through. 

In proportion as the tranſparency of this red 
glaſs is impaired, the tranſmitted colour recedes 
from red, till it becomes violet: according to 
the law which all Tranſparent Bodies obſerve, 
when Opake Particles are introduced into, or 
formed in them, ſo as to render them ſemi- 
pellucid. 

This experiment manifeſts the ſtrong reflective 
power, with which the particles of gold are 
endued, according to their ſpecific gravity. 

In this kind of glaſs, and in all other Semi- 
pellucid, as well as Opake, Coloured Subſtances, 
colours are reflected from White, or Colourleſs 
Particles only, and are tranſmitted through the 
Tranſparent Parts of the Media. | 

It is not neceſſary to extend this ſubject, by 
a deſcription of Semipellucid Liquors, as they 
act according to the ſame laws and afford the 
ſame appearances, as the ſolid media, which have 
been already inſtanced. 

In the preceding experiments, I have preferred 
the uſe of ſemipellucid glaſſes, becauſe they are 
not apt to be decompoſed, or ſuffer any variation 
in their texture; and therefore are diſpoſed, con- 
ſtantly, and equably, to exhibit the ſame colours. 

The coloured light, which is tranſmitted through 
Semipellucid Subſtances, paſſes through the in- 
tervals 
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© tervals which intercede the Opake Particles dif- 
fuſed through them. For, when the Opake 
Particles are ſo denſely arranged, that they inter- 
ſect, and cover, the interſtices which lie between 
them, the paſſage of the rays is obſtrufted, and 
none of them are tranſmitted : but, the mals 
ceaſes to be ſemipellucid, and becomes opake. 

The ſame cauſe of obſtruction to the paſſage 
of the rays takes place in Tranſparent Coloured 
Bodies, when the Colouring Particles are denſely 
arranged : ſo that the light is intercepted and 
abſorbed, by the colouring matter, and the maſs, 
conſequently, appears black, in whatſoever direc- 
tion it is viewed, 

From ſeveral experiments, and obſervations, 
which I have made, in the courſe of this inquiry, 
it appears, that the rays of light are tranſmitted 
through Tranſparent Coloured Subſtances by means 
of a power, with which they are endued ; and, 
that thoſe Media tranſmit Coloured Light with 
the greateſt ſtrength, which have 2 greateſt 
refractive power. 

The ſtrong refractive, and reflective, power of 
inflammable bodies has been obſerved by Sir 
Iſaac Newton. But, the power, of ſuch bodies, 
to tranſmit the rays otherwiſe than by refracting 
them, has not, I believe, hitherto been noticed. 

The following experiments prove, that the 
Tranſmiſſive Power, of Inflammable Coloured 
Media is much ſtronger, than the Tranſmiſſive 

63 Power 
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Power of Coloured Media, which do not abound 


in phlogiſtic matter. 

To a dilute ſolution of green vitriol in diſtilled 
water, I added a ſmall quantity of an aqueous in- 
fuſion of galls. The liquor, compoſed of theſe 
ingredients, tranſmitted a blue colour, which, al- 


though perfectly diſtinct, and unmixed with any 


other hue, was not vivid, but appeared as a co- 
loured ſubſtance not acting upon a ſufficient 
quantity of the rays of its own colour. 

I made a tincture, by digeſting green vitriol 
in ſpirit of wine, and, to a portion of this tincture, 
diluted with a farther addition of ſpirit of wine, 
I applied a ſmall quantity of a ſtrong ſpirituous 
tincture of galls. This liquor, thus prepared, 


_ tranſmitted a blue colour, greatly excelling in 


beauty and brightneſs. 

The ſtrength, of the tranſmiſſive power of in- 
flammable media, is manifeſt from a comparative 
view of thele proceſſes, .and others which have 
been already inſtanced. | 


Sir Iſaac Newton attributed the colours of 


natural bodies, to the ſeveral ſizes and denſities 
of their particles, by which, according to him, they 
reflett ſeveral ſorts of rays, and thereby appear 
of ſeveral colours. 

It has been ſhewn, throughout this inquiry, that 
the Colouring Particles are not endued with a 
reflective power, but produce their ſeveral colours 


by tranſmitting the ſeveral ſorts of rays. 
The 
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The experiments, made with thin plates of 
glaſs, water, and air, from which Sir Iſaac Newton 
inferred, that the ſeveral colours of natural bodies 
ariſe from the ſeveral ſizes and denſities of the 
particles, were executed with ſo much ſkill and 
preciſion, and have been ſo often ſucceſsfully re- 
repeated, by later inquirers, that they are firmly 
eſtabliſhed. 

But, the doctrine of a reflective power exiſting 
in the Colouring Particles, does not appear to be 
deducible from thoſe experiments, nor is it con- 
formable to any ſubſequent obſervations. 

Sir Iſaac Newton obſerved, that thick plates of 
glaſs yield“ rings of colours, in the ſame manner 
as the thin plates, from whoſe appearances he 
deduced this explanation of the colours of natural 
bodies, 

The Duke de Chaulnes has proved, that none 
of the colours, ' exhibited by ſuch thick plates, 
are reflected by the anterior ſurface of the glaſs ; 
but that the rays, after having paſſed through 
the firſt ſurface, to the farther ſurface, are thence 
reflected back. 

May it not from hence be inferred, that, ſince 
the action of thick plates, in exhibiting colours, 
is analogous to that of thin plates, the colours, 
even in theſe, are not produced by reflection from 
the anterior ſurface, but by a remoter reflection, 


* Newton. Opt. L. II. Part IV. 
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and by a ſubſequent tranſmiſſion through the 
pellucid glaſs, 

From all the experiments, which I have here 
adduced, it uniformly appears, that no Coloured 
Light is reflected from the anterior ſurfaces of 
Opake, Semipellucid, or Tranſparent Coloured 
Bodies, For, in theſe, the light is reflected by 
the ſuperficies which intercedes the tranſparent 
part of the medium, and the ſubſtance which is 
behind it: and the light, thus reflected, is tranſ- 
mitted back, through the tranſparent part of the 
medium, which intervenes between the reflective 
ſurface, and the anterior ſurface, 

In theſe reſpects, the Coloured Media, which 
have been examined throughout the courſe of 
this inquiry, agree with the plates of glaſs obſerved 
by the Duke de Chaulnes. 

If the experiments, which have been made 
with thin Tranſparent Colourleſs Subſtances, 
and thoſe which have been performed with 
Coloured Media, be Jointly conſidered, it will 
appear that the effects, which Sir Iſaac Newton 
has attributed to Reflected Light, ſhould have 
been applied to Tranſmitted Light. And the 
obſervation of this great philoſopher, relative 
to the connection between the colours of natural 
bodies, and the ſize and denſity of their particles, 
if thus modified, will coincide with his own 


experiments, and all the others which have been 
made ſubſequent to them. 


In 
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In a former work, I have ſhewn by a ſeries 
of experiments, that the changes of colour, 
which Permanently Coloured Subſtances under- 
go, are made in a regular order, accordingly 
as the ſizes of their colouring particles are dimi- 
niſhed, or augmented. 

I have here adduced ſome examples of the 
influence of denſity and of phlogiſton, on on | 
colours of the bodies. | 

Beſides theſe means, by which the tn of 
ſome ſubſtances are affected, I have frequently 
obſerved that there is another cauſe, by which 
changes are produced in Tranſparent Coloured 
Media, not only in the degree, but alſo in the 
ſpecies of the colour. 

Theſe changes ariſe from the greater, or leſs 
obſtruction which the rays meet with, in their 
paſſage through the interſtices which intercede 
the Colouring Particles; according to the thick- 
neſſes of the media, and the quantity of colouring 
matter diffuſed through them. 

Tranſparent Coloured Media act upon the 
rays of light, more ſimply and uniformly, than 
Semipellucid Subſtances: becauſe, in theſe a 
greater variety of phenomena reſult from the 
different forces of the Opake Particles : by which 
ſome of the rays are reflected, whilſt others are 
tranſmitted, | | 

Although all Tranſparent Coloured Media 
tranſmit a leſs quantity of the incident rays, 

in 
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in proportion as the paſſage through their 
interſtices is obſtrufted ; ſome of thoſe media, 
during the decreaſe of their tranſmitted -light, 
do not vary the ſpecies of their colour: but, 
in other Tranſparent Coloured Media, the tranſ- 
mitted colours are changed; by the reſiſtance 
to which the rays are oppoſed, during their 
' paſſage through the interſtices. | 
The changes, which are thus effected in Tranſ- 
parent Coloured Media, generally proceed in 
one and the ſame order. So that, in proportion 
as the paſſage of the more refrangible rays, 
through ſuch ſubſtances, is obſtructed, the leſs 
refrangible rays, by their greater momentum, 
penetrate the medium and are tranſmitted 
through it. 

From the mixture of the leſs refrangible rays, 
which are thus tranſmitted, the maſs exhibits" 
either a red, or ſome colour inclining to red, 
in proportion as a greater or leſs quantity of 
the more refrangible rays are intercepted, 

It is probable, however, that ſome inſtances 
may be found, of media whoſe changes of colour 
do not coincide with this general rule. Eſpeci- 
ally, if ſuch media owe their colours to phlo- 
giſtic matter, or to particles which differ greatly 
in denſity, from the pellucid part of the ſubſtances 
through which they are diffuſed, 

I have not met with any obſervations, rela- 
tive to the changes of colour, ariſing from the 

N cauſe 
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cauſe which is here conſidered, excepting -ſuch 
as relate to yellow liquors, which are apt to 
tranſmit orange, and red colours, in proportion 
as the rays are tranſmitted through greater 
thickneſſes of ſuch media. | 

Sir Iſaac Newton, in the following paſſage, has 
attributed, to red liquors, the property of tranſ- 
mitting theſe colours, according to the dif- 
ferent thickneſſes of the liquors. A red liquor 
ce in a conical glaſs held between the light and 
te the eye, looks of a pale and dilute yellow at 
ce the bottom where it is thin, and a little higher 
ce where it is thicker grows orange, and where 
ce jt is {till thicker becomes red, and where it is 
ce the thickeſt the red is deepeſt and darkeſt,” * 

The liquor, which was the ſubje& of this 
obſervation, was, probably, an aqueous or 
ſpirituous infuſion of ſome of the woods which 
are uſed in dying red. For, theſe tranſmit a 
yellow, orange, or red colour, according to their 
thickneſſes, or tenuity. 

But, red liquors do not tranſmit orange, or 
yellow, colours, even when ſpread thin. Several 
red liquors are enumerated in the table p. 22, 
ſuch as the nitrous ſolution of cobalt, the red 
infuſions of flowers, the red juices cf fruits, and 
berries ; and ſeveral others. When theſe liquors 
are diſpoſed in thicker, or thinner, maſſes, they 


* Newton, Opt. L. I. Part II. Prop. X. Probl. V. 
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do not vary the ſpecies of their colour, but only 
tranſmit a diluter, or more intenſe red. 
Nor do red glaſſes appear yellow, or orange, 
when divided into the thinneſt plates. 
Theſe Tranſparent Red Media, from the 
interception of the tranſmitted rays, ſuffer no 
other change, except the diminution, or loſs, of 


their colour, whereby they aſſume a darker hue, 
or become black. 


As the changes of colour, thus effected in 
yellow liquors, have been already obſerved, I 
ſhall not mention any experiments relative to 
them, but ſhall advert to other media, whoſe 
phenomena have not, I believe, been hitherto 
noticed, | | 
| I digeſted, in ſpirit of wine, a ſufficient quan- 
tity of ſap green, which is an expreſſed vegetable 
Juice, inſpiſſated, and dried. When the ſpirit of 
wine was ſaturated with this colouring ſubſtance, 
it was filtered through paper, and afterwards 
poured into a ſmall flint-glaſs bottle which was 
of the form of a wedge, or triangular priſm. 

That portion of the coloured liquor, which 
was contained in the angular part of the bottle, 
and which, conſequently was the thinneſt, 
tranſinitted a vivid green colour ; that portion, 
which was in the wideſt part of the bottle, tranſ- 
mitted a bright red colour; the intermediate 
portion, which was between the green and the 
red, tranſmitted a yellow colour: but the yellow 

was 
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was much inferior to the two other colours, both 
in quantity, and brightneſs. The liquor, when 
viewed by incident light, appeared black. 

Sap green infuſed in diſtilled water, and viewed 
in a ſimilar bottle, tranſmitted the ſame colours. 
But, the green was not ſo copious, or ſo vivid, 
as in the ſpirituous tincture; and the proportion 
of the yellow was likewiſe diminiſhed. 

Theſe experiments afford a farther inſtance of 
the ſuperior tranſmiſſive power of inflammable 
media; ſince the more refrangible rays are more 
copiouſly, and more vividly, tranſmitted by the 
ſpirituous tincture, than by the aqueous infuſion. 

By infuſing graſs, and other green leaves, in 
ſpirit of wine, I obtained a tincture, conſiſting of 
the ſpirit of wine ſaturated with the colouring 
matter of the leaves. This was examined in the 
ſame manner as the preceding liquors: it tranf- 
mitted a bright green, where it was thinneſt ; and 
a vivid red, where it was thickeſt : but, the inter- 
mediate yellow was ſcarcely . perceptible. This, 
as well as the two former liquors, appeared black, 
when viewed by incident light. 

I infuſed litmus in diſtilled water, and having 
thus procured a coloured infuſion, I filtered it, and 
examined it, in the ſame manner as the liquors, 
which have been already deſcribed, This infuſion 
tranſmitted an azure blue colour, where it was 
thinneſt ; and a bright red, where it was thickeſt. 
The intermediate colour was purple. This li- 


quor 
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quor alſo appeared black, when viewed by inci- 
dent light. | 
When theſe liquors are ſufficiently diluted, each 


of them tranſmit the more refrangible rays, even 
when they are contained in the wideſt part of the 


priſmatic bottles. For, the greater thickneſſes 
of diluter coloured liquors, contain no more co- 
loured particles, than thinner maſſes, which are 
more intenſely coloured. 

. Theſe phænomena ſeem to indicate, that the 
power, by which the ſeveral rays of light are 
tranſmitted through Coloured Media, is inherent 
in the Colouring Particles themſelves, and there- 
fore, is not confined to the ſurfaces of ſuch media. 
For, if the tranſmiſſive force was exerted at the 
ſurfaces only, thinner plates of Coloured Sub- 
ſtances would act upon the rays, as powerfully as 
thicker maſſes, But, it appears, from experiment, 
that, in proportion as the rays paſs through differ- 
ent thickneſſes of -coloured media, they exhibit 
colours, differing, not only in degree, but, fre- 
quently, in ſpecies alſo, 

The ſun's light, by which bodies are illuminated, 
conſiſts of all the rays, by which a white light is 
compounded. Theſe rays, in their entire and 
undivided ſtate, are incident upon the Opake Par- 
ticles of Semipellucid Subſtances; and, upon the 
Colouring Particles of Tranſparent Coloured Sub- 
ſtances, whenever thoſe media are expoſed to 
the light. 

When 
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When the rays accede to the opake particles 
of ſemipellucid ſubſtances, ſome ſorts of them 
are refleted back, from the anterior ſurface of 
thoſe particles: the other ſorts of rays, which are 
not reflected back, are diverted from the direction 
which is oppoſite to the anterior ſurface of the 
opake particles, and, paſſing through the inter- 
vals, between the particles, are tranſmitted 
through the mals. 

When the rays are incident upon the particles 
of Tranſparent Coloured Bodies, none of them 
are reflected back, becauſe the colouring parti- 


cles are not endued with any reflective power. 
But, ſome of the rays are either ſtopt at the 


anterior ſurfaces of the particles, or are diverted 
into ſuch directions, as render them incapable of 
paſſing towards the farther ſide of the maſs, and, 
conſequently ſuch rays cannot be tranſmitted. 
The rays, which are not thus intercepted, or 
diſperſed, are tranſmitted, in the ſame manner 
as thoſe which paſs through ſemipellucid media. 

Thus it is evident, that the coloured rays, which 
are tranſmitted through ſemipellucid ſubſtances, 
are inflected by the Opake Particles: and thoſe 
which are tranſmitted through Tranſparent Co- 
loured Subſtances, are infleFed by the colouring 
particles. 

I have already ſhewn, that thoſe media tranſmit 
coloured light with the greateſt ſtrength, which 
have the greateſt refrative power. From the 
preceding 
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preceding obſervations, it appears, that the parti- 


cles of coloured media infle& the ſeyeral ſorts of 


rays, according to the ſeveral ſizes, and denſities, of 
the particles; and alſo, in proportion to the inflam- 
mability, of the media which owe their colour to 
them: and it is manifeſt, that the tranſmiſſion of 
coloured rays depends upon their inflection. | 
All theſe obſervations are conformable to Sir 
Iſaac Newton's doctrine, that the rays of light are 


reflected, refracted, and inflected, by one and the 


ſame principle, acting variouſly in various circum- 
ſtances. 

I have hitherto inveſtigated, and explained, the 
powers and operations, by which the rays of light 
are tranſmitted through coloured media; and, 
have ſhewn that, in Opake Coloured Bodies, they 
are reflected by the opake particles, which are 
conſtituent parts of ſuch bodies, and, that the light, 
thus reflected, paſſes back through the Tranſparent 
Colouring Matter, with which the opake particles. 
are covered. | | 

It appears, both from the analyſis of Opake 
Coloured Bodies, and from ſeveral other experi- 
ments and obſervations, that the matter, by which 
they reflect the light, conſiſts of white particles. 

The ſolid parts of animals, and vegetables, are 
principally compoſed of calcareous earth, which is 
a perfectly white ſubſtance. This earth alſo 
abounds in the mineral kingdom, as well as the 
ſiliceous, and argillaceous, earths, and magneſia, 

which 
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which alſo are perfectly white, when pure, and 
diveſted of adventitious matters. 

All theſe earths conſtitute Tranſparent Colourleſs 
Media, when they are vitrified, together, with 
proper fluxes; or when they are diſſolved in co- 
lourleſs menſtrua. And the ſaline maſſes, which 
are obtainable from their ſolutions, are tranſparent 
and colourleſs, while they retain the water which is 
eſſential to their cryſtallization, and are not flawed, 
or reduced to powder. 

But when, by ſuch means, the interſtices of thoſe 
maſſes are evacuated, or opened, they are rendered 
white and opake, by the admiſſion of air, or of a 
rarer medium, 

The earthy particles, which form the ſolid parts 
of bodies, generally exceed, in denſity, the other 
conſtituent particles, which they intercede. For, 
in the compoſition of bodies, earths are, for the 
moſt part, combined with aqueous, aerial, ſaline, or 
inflammable matters; all of which are greatly 
inferior to earths, in their ſpecific denſity. And, 
therefore, the ſurfaces of the earthy particles, which 
are contiguous to ſuch media, mult reflect the rays 
of light, with a force which is proportionate to 
their exceſs of denſity, 

The reflective power of bodies does not depend 
merely upon their exceſs of denſity, but upon their 
difference vf denſity, with reſpe& to the ambient 
media. Therefore, Tranſparent Colourleſs Par- 
ticles, whoſe denſity is greatly inferior to that of 
the media which they intercede, alſo powerfully 

H reflect 
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reflect all the ſorts of rays, and thereby become 
white. 

Of this kind are the air, or other rare fluids, 
which occupy the interſtices of liquors; of tran- 
ſparent ſolid bodies, flawed, or reduced to powder, 
or otherwiſe minutely divided; of porous ſolid 
ſubſtances; of calces of metals; and in general of 
all denſer media, into whoſe interſtices ſuch rarer 
particles are admitted, 

Theſe obſervations are grounded upon Sir Iſaac 
Newton's doctrine, relative to the tranſparency, 
and opacity of Colourleſs Subſtances. And from 
thence it may be deduced, that white opake bodies 
are conſtituted by the union or contiguity of two, 
or more, Tranſparent Colourleſs Media, differing 
conſiderably from each other, in their reflective 
powers. 

Such white ſubſtances are inſtanced in froth, 
emulſions, or other imperfe& combinations of pel- 
lucid liquors, milk, ſnow, falts calcined or pul- 
verized, glaſs, or cryſtal, reduced to powder, 
white earths, paper, linen, and even thoſe metals, 
Which are called white by the mineralogiſts and 
chymiſts. For thoſe metals do not appear white, 
unleſs their ſurfaces be rough. Becauſe, the ſur- 
faces of poliſhed metals do not afford interſtices, 
into which air, or other rare fluids capable of re- 
flecting light, can be admitted. 

But, when interſtices are opened on the ſurfaces 
of metals, by roughening them, the air occupies 
thoſe interſtices, and its molecule, according to 
the 
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the great difference of their denſity, with reſpect 
to that of the metal, vividly reflect a white light. 

The rough ſurfaces of metals conſiſt of minute 
irregular prominences, and cavities, from which 
the rays are reflected, in different directions, 
whereby they are blended and intermixed, and, 
by their mixture, conſtitute whiteneſs. 

But, the poliſhed ſurfaces of metallic mirrours 
equably, and regularly, reflect the ſeveral incident 
rays, according to their ſeveral angles of incidence: 
ſo that the reflected rays do not interfere with each 
other, but remain ſeparate and unmixed, and there- 
fore diſtin&ly exhibit their ſeveral colours. 

From hence it is evident, that white ſurfaces 
cannot act upon the light, as mirrours: becauſe 
all the rays, which are reflected from them, are 
promiſcuouſly, and diſorderly blended. 

Nor can the ſurfaces of mirrours appear white, 
except when white objects are caſually oppoſed 
to them : becauſe the rays which fall upon them 
from coloured objects, are reflected ſeparately, 
and diſtinctly, whereby colours are exhibited, 


In forming ornamental works of ſilver, artiſts 


ſometimes avail themſelves of the contraſt, between 
the reſplendent whiteneſs of the unpoliſhed parts 
of the metal, and the regular reflections which 
are diſplayed by its poliſhed parts. 

White metals are peculiarly adapted to the 
formation of mirrours, as their ſurfaces are capable 
of being poliſhed, by which they are qualified 

| H 2 equably, 
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equably, and regularly, to reflect the incident 
rays; as their reflective power is proportionate to 
their ſpecific denſity, which is very great; and 
as they are diſpoſed indiſcriminately to reflect all 
the differently refrangible rays. 

Mercury, ſilver, lead, and tin, are pellucid and 
colourleſs, when diſſolved in their proper menſtrua. 
In the ſolutions of other metals, ſome colouring 
particles are mixed with the colourleſs particles. 
The opacity, and the vivid luſtre of the entire 
metals, which conſiſt of thoſe pellucid particles, 
united with phlogiſton, ariſe from the powerful 
reflection of the ſurfaces, which intercede the me- 
tals and the air. 

Metals do not owe their ſhining appearance to 
their metallic particles, but to their phlogiſton. 
For, calcination, which diſengages the inflamma- 
ble principle from metals, deprives them alſo of 
their luſtre. 


The reflective power, of the inflammable princis- 


ple, is ſo great, that it imparts, to various pellucid 
colourleſs ſubſtances, a ſhining appearance, per- 
fectly reſembling the luſtre, and hue, of metals, 

Plumbago, which has a metallic appearance, 
and luſtre, conſiſts of two ſubſtances, which, when 
ſeparate, are not only pellucid, and colourleſs, but 
abſolutely inviſible. For its ſole conſtituent parts 
are phlogiſton, and fixed air.“ 


D. Scheele, in Act Stockh, 1778. 
Many 


* 
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Many marcaſites, which ſcarcely yield. to any 
of the metals, in luſtre, do not contain any me- 
tallic particles, but conſiſt principally of ſulphur, 
which itſelf is compoſed of phlogiſton, and vi- 
triolic acid. | 

Nor is the luſtre, and metallic appearance, con- 


fined to ſubſtances which abound in phlogiſton : 


for, it is exhibited by the ſurfaces of ſeveral Pellu- 
cid Colourleſs Media, which vividly refle& the 
light; from the difference between their denſity, 
and that of the ambient media; from their gloſſy 
ſmoothneſs or poliſh ; or from various other cauſes. 

Mr, Melvill has clearly explained the filver- 
like appearance, which drops of water exhibit, 
when they lie on the leaves of colewort, and ſome 


other vegetables. He obſerved, that the luſtre 


of thoſe drops, is produced by a copious reflection 
of light, from the flattened part of their ſurfaces, 
contiguous to the plant; that the drops, when 
they have that appearance, do not touch the 
plant, but are kept at ſome diſtance from it, by 
the force of a repulſive power, or medium, which 
occupies the intervals between the drops and the 
leaves: that, as the ſurfaces of the leaves are con- 
ſiderably rough and unequal, the under ſurfaces 
of the drops become rough likewiſe, and ſo by 
reflecting the light copiouſly, in different direc- 
tions, aſſume the reſplendent whiteneſs of un- 


poliſhed ſilver, * 


* Phyſical Eſſays: Edinburgh. 1756. vol, II. p. 25. 
H 3 When 
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When Pellucid Colourleſs Glaſs is broken, it 
ſometimes happens that, the freſh ſurface of the 
fragment is very ſmooth and gloſſy. If ſuch a 
fragment of glaſs be fo placed, that. the freſh 
broken part may be ſeen at the farther ſurface, 
that part cannot be diſtinguiſhed by the ſight, 
from a ſimilar portion of glaſs covered with 
quickſilver. | 

This effect is produced, by the copious reflec- 
tion of light from the broken part, which greatly 
exceeds in ſmoothneſs, the original ſurface of the 
glaſs. For, melted glaſs, from its tenacious con- 
ſiſt=nce, aſſumes, whilſt it cools, a ſurface leſs 
gloſſy than thoſe which are expoſed, by breaking 
it. Many other like inſtances may be adduced. 

Theſe phænomena afford much inſight into the 
nature, and cauſe, of opacity. As they clearly 
ſhew, that even the rareſt Tranſparent Colourleſs 
Subſtances, when their ſurfaces are adjacent to 
media greatly differing from them in refractive 
power, may thereby acquire a perfect opacity, and 
may aſſume a reſplendency, and hue, ſo ſimilar to 
that of white metals, that the rarer pellucid ſub- 
ſtances cannot, by the ſight, be diſtinguiſhed from 
the denſe opake metals. And, this ſimilarity to 
the ſurfaces of metals occurs, in the rare pellucid 
ſubſtances, not only when, from the roughneſs of 
their ſurfaces, they reſemble unpoliſhed metals in 
their vivid whiteneſs; but alſo when, from their 

ſmoothneſs, 
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ſmoothneſs, they reſemble the poliſhed ſurfaces 


of metals. 

Metals ſeem to conſiſt entirely of Tranſparent 
Matter, and to owe their apparent opacity, and 
luſtre, ſolely to the copious reflection of light from 
their ſurfaces. The analogy between the metals 
and Tranſparent Media, as far as reſpects their 
optical properties, will appear from the following 
conſiderations. | 
i (1) All metals, diſſolved in their proper men- 


ſtrua, are tranſparent. (2) By the union of tb 


or more tranſparent media, ſubſtances are conſti- 
tuted, which are ſimilar to metals, in their opacity 
and luſtre, as has been inſtanced in plumbago, 
and marcaſites. (3) The Tranſparent Subſtances of 
metals, as well as of thoſe minerals, by their union 
with Phlogiſton, acquire their ſtrong reflective 
powers, from which their luſtre and opacity ariſe, 
(4) The ſurfaces of pellucid media, ſuch as glaſs, 
or water, aſſume a metallic appearance, when by 
their ſmoothneſs, their difference of denſity with 
reſpect to the contiguous media, or any other 
cauſe, they are diſpoſed copiouſly to reflect the 

light. | 
From all theſe conſiderations, it is evident, that 
opake ſubſtances are conſtituted by the union, or 
contiguity, of Tranſparent Colourleſs Media, dif- 
fering from each other in their reflective powers ; 
and, that when the common ſurface, which inter- 
cedes ſuch media, is plane, equal, and ſmooth, it 
H 4 reflects 
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reflects the incident rays equally, and regularly, 
as a mirrour: but, when the ſurface is rough, and 
unequal, or divided into minute particles, it re- 
flects the incident rays irregularly, and promiſcu- 
ouſly, in different directions, and conſequently 
appears white. 

As the ſurfaces of pellucid colourleſs media are 

diſpoſed indiſcriminately to reflect all the rays of 
light; ſo white opake ſubſtances, which are com- 
pounded of pellucid colourleſs media, retain the 
ſame diſpoſition, which is indifferent to all the ſorts 
of rays. 
It has been already ſhewn, throughout the courſe 
of this inquiry, that coloured matter does not re- 
flect any light; but, that reflective media act indiſ- 
criminately on all the different rays. It does not 
appear from the optical phænomena, which have 
hitherto been obſerved, that nature affords any 
kind of matter endued with a power of reflecting 
one ſort of rays, more copiouſly than the other 
ſorts. Conſequently, no reflective ſubſtances are 
capable of ſeparating the differently refrangible 
rays, and thereby producing colours. 

There are ſeveral experiments, and obſervations, 
in Sir Iſaac Newton's Optics, from which it might 
have been inferred, that coloured light is not re- 
flected from coloured matter, but from white or 
colourleſs matter only. | 

Although that great philoſopher ſuppoſes, that 
all coloured bodies reflect the rays of their own 


colours, 
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colours, more copiouſly than the reſt, yet he ob- 
ſerves, that © they do not reflect the light of their 
« own colours ſo copiouſly as white bodies do. 
cc If red lead, for inſtance, and a white paper, be 
ce placed in the red light of the coloured ſpectrum 
te made in a dark chamber by the refraction of a 
ce priſm, the paper will appear more lucid than 
« the red lead, and therefore reflects the red- 
« making rays more copiouſly than red lead 
« doth.” * 

If it be ſuppoſed, that the red particles of the 
minium reflect the red rays, more ſtrongly than 
the reſt, what reaſon can be aſſigned, why minium 
ſhould not exhibit the red rays as vividly as white 
paper, which acts indifferently on all the rays; 

But, if it be conſidered that, in opake coloured 
bodies, the rays, which are reflected from white 
reflective matter, paſs back through the Tranſpa- 
rent Coloured Media, with which the reflective 
matter is covered, it will evidently appear, why 
the coloured light reflected from white. paper, is 
more copious and bright, than that which is ex- 
hibited by red lead. 

A conſiderable part of the incident light is loſt, 
in paſſing through Tranſparent Coloured Media. 
Therefore, the light reflected immediately from 
the white paper, muſt be more copious and lucid, 
than that which has undergone a diminution, in 
its paſſage to, and from, the reflective particles 


* Newton, Opt. L. I. Part II. Prop. V. Exp. 15. 


of 
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of the Opake Coloured Body, through the Tranſ- 
parent Coloured Medium. 

When a ſmall portion of colouring matter is 
mixed with a colourleſs medium, the maſs appears 
tinged with colour; but, when a great quantity 
of colouring' matter is added, the- maſs exhibits 
no colour, but appears black. Therefore, to at- 
tribute to colouring matter a reflective power, is 
to advance an inexplicable and contradictory pro- 
poſition : for, it is aſſerting, that, in proportion 
as more refleftive colouring matter is oppoſed 
to the incident light, leſs colour is reflected; and 
that, when the quantity of colouring matter is very 
great, no colour at all is reflected, but blackneſs 
is thereby produced. 

From theſe arguments, it might have been 
ſhewn, that the reflective power does not exiſt in 
colouring matter, but in Opake White Subſtances 
only. Nevertheleſs, in this diſquiſition, I have 
not entirely relied on arguments drawn from a 
few, known and obvious, appearances, but have 
endeavoured, by numerous experiments, to aſcer- 
" tain the cauſe of the colours of natural, as well 
as artificial bodies, and the manner in which they 
are produced, | 

M. Euler obſerved,* that the colours of bodies 
are not produced by reflection. He ſuppoſes that 
the coloured rays are emitted by the colorific 
particles, This hypotheſis, however, 1s not agree- 
able to experiment, For, as the colouring matter 


Acad. Berlin. Ann. 1752. p. 262. 


W 
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acts upon light, by tranſmiſſion only, it is evident 
that bodies do not appear coloured either by 
reflecting, or emitting the rays. | 

I have not attended to any other hypotheſts, 
which are unſupported by experiments. 

Sir Iſaac Newton, and, I believe, all later phi- 
loſophers, except M. Euler, have attributed to 
colouring matter a reflective power. And the 
artiſts, whoſe works depend upon the preparation, 
and uſe of colouring materials, ſeem, in general, 
to have adopted the ſame theory. 

As an inſtance of this agreement, I have cited, 
from M. Hellot, one of the moſt ſkilful and in- 
telligent authors, who have treated of the Art of 
Dying, a paſſage which comprizes his opinion 
reſpecting the action of the tinging particles on 
the rays of light.“ 

All the other writers, on the ſame ſubject, 
appear to agree in that eſtabliſhed opinion: but, 


„ Hellot. Art de la Teinture des Laines. 1772. 
p. 117. Nous ne connoiſſons, juſqu' a preſent, que deux 
plantes, qui donnent le bleu, apres leur preparation 
1'une eſt 1'Ifatis ou Glaſtum, qu'on nomme Paſtel en 
Languedoc, et Vouede en Normandie; leur preparation 
conſiſte dans la fermentation continuee preſque juſqu* a 
la putréfaction de toutes les parties de la plante, la racine 
exceptẽe; par conſcquent, dans un développement de tous 
leurs principes, dans une nouvelle combinaiſon et arrange- 
ment de ces memes principes, d'où il réſulte i aſſem- 


blage de particules infiniment déliées, qui, appliquees ſur 


un ſujet quelconque, y refechifent la lumiere bien differem- 
ment de ce qu' elles feroient, fi ces memes particules etoient 
encore jointes à celles que la fermentation en a ſ6partes.”” 
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they ſeem rather to have yielded to the authority 
of Sir Iſaac Newton, and other theoriſts, than 
to have appealed co the operations of their own 
art, from which the real cauſe and origin of colours 
is obviouſly deducible. 

The Art of Dying conſiſts, principally, i in cover- 
ing white ſubſtances, from which light is ſtrongly 
reflected, with Tranſparent Coloured Media, which, 
according to their ſeveral colours, tranſmit, more 
or leſs copiouſly, the ſeveral rays reflected from the 
white ſubſtances, 

The Tranſparent Coloured Media themſelves 


reflect no light: and it is evident that, if they 


yielded their colours by reflecting, inſtead of tranſ- 
mitting, the rays, the whiteneſs, or colour of the 
ground on which they are applied, would not 


anywiſe alter, or affect, the colours which they 


exhibit, 

Such an erroneous conception of the principles 
of the art, cannot fail greatly to obſtruct its pro- 
greſs, and improvement. All colouring matter 
is black, when viewed by incident light, and all 
ſubſtances incline to blackneſs, in proportion as 
they are copiouſly ſtored with tinging particles, 

The Artiſt therefore, who confines his inquiries | 
to ſubſtances which reflect the light, cannot be 


ſucceſsful in his endeavours to diſcover new dying 


materials: and, if he is led, by experience, to ex- 
tend his reſearches to other ſubſtances, his prac- 
tice contradicts his principles; by which his views 

arc 
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are obſcured, and bounded within the narrow limits 
of accidental obſervation. of 
The knowledge of the optical properties of 
colouring matters, is alſo eſſentially requiſite to 
their due preparation and uſe. As the practice of 
Dying, in its preſent ſtate, is not regulated by 
any ſcientific rules, it is ſeldom improved by the 
introduction of new proceſſes: and the methods 
of varying the uſes of the materials, which are 
already known, are rarely aſcertained without 
repeated trials. | 

All the operations of the art, excepting only 
a few which have ariſen from accidental diſcove- 
ries, owe their origin to remote ages. 

We learn from the teſtimony of the ſacred 


writers, as well as of the later hiſtorians, that the 


Indians, Egyptians, Phoenicians, and other anci- 
ent nations, excelled in the art of Dying. From 
the accounts, which are delivered down to us, of 
the colouring materials which they uſed, and of 
the clothes which were dyed with them, we find 


evident proofs, that they were acquainted with 


the principles, as well as the practice, of the art. 
The ancients did not attribute a reflective 
power to the colouring matter.; but held, that the 
dyed clothes reflected leſs light, in proportion 
as they were more copiouſly ſtored with tinging 
particles. They eſtimated the richneſs and in- 
tenſeneſs of the dye, by its approach to blackneſs. 
Pliny, who has recorded many curious circum- 
ſtances relative to the arts, deſcribes indigo, when 
| undiluted, 
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undiluted, as a black ſubſtance.* The ſame au- 
thor informs us, that the ſpecies of Tyrian dye, 
which was moſt eſteemed, was of a roſe colour 
inclining to black; f and that the red was inferior 
to that which was blacker. T He accurately diſ- 
tinguiſhes the bright red colour, which is tranſ- 
mitted through the dyed clothes, from the dark 
hue, which they exhibit when viewed by incident 
light. | | 
The inattention of later philoſophers, and artiſts, 
to the reflective, and tranſmiſſive, qualities of the 
conſtituent parts of Coloured Subſtances, has, 


doubtleſs, impeded the progreſs and improvement 


„ Plinii, L. XXXV. C. 6. Ab hoc maxima autoritas 
Indico, Ex India venit harundinum ſpumæ adhzreſcente 
limo. Cum teritur nigrum. At in diluendo mixturam 
purpurz cæruleique mirabilem reddit. 


+ Ib, L. Ix. C. 36. Purpurz florem illum tingendis 
veſtibus expetitum, in mediis habent faucibus. Liquoris | 
hic eſt minimi in candida vena, unde pretioſus ille bibitur 
vigrantis roſe colore ſublucens. 


t Ib. L. IX. C. 38. Rubens color agrante deterior. 


|| Ib. L. IX. C. 38. Laus ei ſumma, color ſanguinis 
concreti, nigricans aſpedu, idemque ſiſpectu refulgens. 

It appears from the following paſſage, cited from Macro- 
bius, that the dealers in dyed clothes were accuſtomed to 
conſider the colours; which they yielded by tranſmiſſion, as 


well as thoſe which they afforded, when viewed by inci- 


dent light. Cum de Tyriz purpurz, quam emi juſſerat, 
obſcuritate quereretur (Auguſtus) dicente venditore, erige 
altius et ſuſpice, his ſalibus uſus eſt: Quid ? ergo ut me 
populus Romanus dicat bene cultum, in ſolario ambula- 
turus ſum?” Macrob. Lib. II. Saturn. o. 
0 
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of the ſcience of Optics, and of the arts which are 


dependent upon it. This experimental reſearch 
was undertaken, for the purpoſe of examining the 
optical qualities of ſuch ſubſtances. 

During the courſe of my inquiry, I have ob- 
ſerved, that the tranſition from phyſical experi- 
ments, to practical operations of dying, is eaſy 
and obvious. For, the experiments, which I have 
made, with a view of inveſtigating the origin and 
cauſe of colours, have guided me to the diſcovery 
of ſeyeral bright and permanent dyes, in the exe- 
cution of which I have, principally, uſed cheap 
and common ingredients, that have not-before 
been applied to ſuch purpoſes. 

I do not doubt, that a clear, and comprehenſive, 
view of the principles of the art will open, to the 
artiſts who practiſe it, a fertile ſource, from which, 
with certainty and facility, they may derive the 
diſcovery of new materials, and of the moſt advan- 
tageous means of employing them. 

The art of Painting, alſo, will receive great ad- 
vantage, from an accurate and preciſe conception 
of the principles, by means of which the matters, 
endued with a reflective power, may be diſtin- 
guiſhed from others which tranſmit the rays, but 
do not reflect them. 

The works of many Painters greatly excel in 
the clearneſs and brightneſs of their colouring : * 


bur, 


Several of the greateſt maſters practiſed a method of 
colouring, which was, in ſome reſpects, conformable to 


the 
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but, it is unqueſtionable that a ſcientific know- 
ledge of the nature of the colours, which they 
uſed, would have enabled even the greateſt maſters 
to have communicated, to thoſe works, a ſtill 
higher degree of excellence. 

I ſhall not regret the labours which I have 
beſtowed on the ſubject of theſe pages, if they 
contribute to the advancement of thoſe uſeful and 
elegant arts, which are of much importance to a 
commercial nation; or if, by the diſcloſure of 
phyſical truths, they extend the bounds of ſcience, 
or open new paths to its improvement. 


the true principles of Optics, and of their art. One of 
our moſt eminent Painters has obſerved, from a minute 
and accurate examination of ſome of the moſt capital 
pictures of Titian, Tintoret, Paul Veroneſe, and other 
Italian, Flemiſh, and Dutch maſters, that they painted 
wich tranſparent colours, upon a white ground. This 
practice was carried to the higheſt degree of perfection 
by Correggio. That great colouriſt grounded his pictures 
with black and white only: and by the delicacy, clear- 
neſs, and brilliancy of the tranſparent colours, which he laid 
on the grounds thus prepared, he gave to his compoſitions 
a peculiar force and relief, and a near reſemblance of 
nature. Few modern artiſts have been able to comprehend 
the means, by which thoſe effects were produced. Leo- 
nardo Da Vinci, in his inſtructive Treatiſe of Painting, 
recommends the uſe of white grounds, and tranſparent 
colours, as the true method of procuring the moſt brilliant 
colouring, Cap. 100, ** Sempre & quelli colori, che 
«« vuoi che habbino bellezza, prepararai prima il campo 
** candidiflimo, e queſto dico de” colori che ſono traffſpa- 
«« renti, perche a quelli che non ſono trafiſparenti, non 
„ giova campo chiaro.”” 
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